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Abstract 
Most multicellular organisms have two main body axes: the anteroposterior and the 
dorsoventral axes. An intriguing and challenging question arisen from this observation is 
how these axes are established and maintained during embryogenesis. In Drosophila, one 
of the maternal genes, bicoid (bed), is responsible for the correct formation of the anterior 
body patterns of the embryo. The initial localization of bicoid mRNA in the anterior pole 
of the oocyte and the subsequent translation of the mRNA in the embryo produce a bicoid 
protein gradient that extends from the anterior to the posterior end of the embryo. The 
resulting morphogen gradient is essential for the regulation of expression of zygotic genes 
in the embryo. 
Localization of bicoid mRNA requires both cis- and trans-acimg elements. The cis-
acting element has been identified to be within a 630-bp region of the 3' untranslated 
region of the mRNA, while some of the known trans-acting factors are the general 
cytoskeletal element microtubules and specific maternal gene products encoded by the 
genes exuperantia (exu), swallow (sww), and staufen (stau). Of the 3 maternal genes, exu 
has been shown to act earliest in the localization process. However, only stau has been 
shown to bind bed mRNA directly. Nonetheless, exu protein is itself localized during 
oogenesis and its temporal and spatial expressions closely resemble those of bed mRNA, 
suggesting close association between the two components. Although the biochemical 
functions of exu are at present unknown, we and others have shown that localization of 
both exu protein and bed mRNA is microtubule dependent. Nevertheless, since bed mRNA 
ii 
is still initiated in exu null mutants, exu cannot be the only cellular factor that interacts with 
microtubule. One of these candidate factors is encoded by the gene Bicaudal-D (Bic-D), 
which has previously been shown to be essential for oocyte differentiation. Research 
evidence from the Nusslein-Volhard laboratory has shown, by immuno-electromicroscopy, 
that both exu and Bic-D protein are present within the same electron dense particles in the 
ovary. Interestingly, the Bic-D protein has previously been shown to localize during 
oogenesis. By immuno-fluorescence staining technique, it was shown that the exu and Bic-
D protein co-localize in the ovaries of wild type fly. Furthermore, it was shown that exu 
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Chapter 1 General Introduction 
1.1 Drosophila as a model for studying development 
How a nearly uniform egg cell develops into an animal with dozens of types of cells, 
each located in its proper place, is one of the life's greatest mysteries to be solved. Indeed, 
the process whereby a single cell, the fertilized egg, develops into an adult has fascinated 
people for centuries. A multicellular animal is essentially an ordered clone of cells, all 
containing the same genome but specialized in different ways. Although the final structure 
may be enormously complex, it is generated by a limited collection of cell activities. 
Drosophila has been used as a model organism for research for almost a century, and 
it is also one of the most valuable organisms in biological research, particularly in genetics 
and developmental biology. There are four pairs of chromosomes in Drosophila: the X/Y 
sex chromosomes and the autosomes 2,3, and 4. The genome has an estimated size of about 
165 million bases, containing approximately 12,000 genes. By comparison, the human 
genome has 3,300 million bases and may have about 70,000 genes; while yeast has about 
5800 genes in 13.5 million base bases. There are several factors determining Drosophila 
being used as a studying model. Firstly, the stages of both oogenesis and embryogenesis are 
clearly outlined and extensive studies on the genes that regulate early development have been 
undertaken (Ingham, 1988; St. Johnston and Nusslein-Volhard, 1992). Secondly, after 
investigations, the localized RNAs which are essential in establishing oocyte polarity have 
been revealed and identified (Berleth et. al‘, 1988; Ephrussi et. “/., 1991; Haenlin eL “/.� 
1987; Kim-Ha et. a/., 1991; Lantz et. al, 1991; Suter et. al.’ 1989). Thirdly, the small size 
and short life cycle of Drosophila allow them to be kept at a large number practically. 
Moreover, the availability of mutant flies, with defects in any of several thousand genes, 
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particularly in RNA localization, allows the analysis of molecular interactions required for 
RNA localization (Pokrywka and Stephenson, 1995; St. Johnston, 1995). 
1.2 The formation of body axes 
Intriguing peoples for centuries, development of an egg into an elaborate 
multi-cellular organism is a universal challenge to most living organisms as well. It involves 
cell division as well as accurate and precise determination of different cell fates within the 
embryo. Although different classes of animals show a great diversity in their body forms, 
sizes and morphologies, they all share one common feature - they all have two fundamental 
body axes, the anteroposterior and the dorsoventral axes (Figure 1.1). Nonetheless, with the 
exception of DwsophUa, the mechanism of body axes formation remains unclear in most of 
the organisms. In most dipterans, including Dwsophila, the first step for development is to 
establish body axes, which assembles a framework for subsequent development events to 
take place. 
In Dwsophila, the two body axes are established by asymmetric localization of 
signals in the embryo (Figure 1.2). The anterior determinant, bicoid (bed) mRNA, and the 
posterior determinant, nemos {nos) mRNA are localized to two opposing poles of the embryo 
to define the anteroposterior axis. For the determination of the dorsoventral axis, a ventral 
signal is produced at the ventral perivitelline space to provide polarity of the axis. 
Establishment of the two body axes was once thought to be initiated independently (St. 
Johnston and NUsslein-Volhard, 1992)，but it is now considered to originate initially from a 
single signaling pathway. The signaling pathway relies on communications between both the 
germ cell and somatic cells of the egg chambers (reviewed by Anderson, 1995, Lehmann, 
1995). At the early stages of oogenesis, an oocyte is produced by four synchronous cell 
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Figure 1.1 The basic body plans of animals. 
Among various classes of bilateral animals, including vertebrates and invertebrates, all of 
them have formed two fundamental body axes at embryonic stage, namely, the 
anteroposterior axis and the dorsoventral axis (adapted from McGinnis and Kuziroa, 1994). 
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Figure 1.2 Body axis formation by asymmetrical localized signals in Drosophia 
embryo 
The formation of two body axes are established by asymmetric localization of the two 
determinants, bicoid and nanos, and originated initially from a single signaling pathway. 
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Figure 1.3 Formation of developing eggs from germarium 
A) Oogenesis begins in region 1, with the division of a germline stem cell (S) to yield a 
cystoblast (Cb) and regenerate a stem cell. The cystoblast then divides by four synchronous 
cell divisons (M! - M4) with incomplete cytokinesis into a 16-cyst in which cells are 
interconnected with actin-rich ring cannals. One of the two cells (the shaded ones) with four 
ring cannals adopts the cell fate of oocyte and takes a posterior position within the egg 
chamber. B) The oocyte is developed into a mature egg in a process called oogenesis which 
can be divided into different stages (King, 1970; Mahowald and Kambysellis, 1980; and 
Spradling, 1993). Mature eggs are fertilized and hatched as embryos at the end of oogenesis 
(Adpated from Cooley and Theurkauf, 1994). 
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divisions of a stem cell in the germarium with incomplete cytokinesis, in which actin-rich 
intercellular bridges, or ring canals, connect the posteriorly located oocyte and the remaining 
fifteen nurse cells (Figure 1.3). The ring canals are means of transportation of the necessities 
for development from the nurse cells to the oocyte, whose transcription is inactive. A layer 
of somatic follicle cells not simply covers the oocyte-nurse cell cluster but it also provides an 
asymmetry to the oocyte, where it is in contact with the nurse cells at the anterior on the one 
end and with the follicle cells at the posterior on the other end. 
As the oocyte continues to run its course of development，a microtubule-organizing 
center (MTOC) located at the posterior pole of the oocyte extends microtubules into the 
nurse cells (Theurkauf et. al., 1992，1993; reviewed by Cooley and Theurkauf, 1994; St 
Johnston, 1995) (Figure 1.4). This microtubule network permits transportation of RNA and 
protein molecules, form the nurse cells to the oocyte, presumably via minus end-directed 
motors. At mid-oogenesis, the reorganization of polarity of microtubules occurs — the 
posterior MTOC degenerates and microtubules nucleases at the anterior pole of the oocyte. 
This reorganization, which is critical event for the body axis specification, requires a signal 
originating from the posterior follicle cells. The transforming growth factor a (TGF a ) 
homologue, gurken, and the epidermal growth factor receptor homologue, DER/top, are 
believed to provide the signal (Gonzalex-Reyes et. al.’ 1995; Roth et. al., 1995; reviewed by 
Lehmann, 1995; Anderson, 1995). During early stages of oogenesis, the gurken RNA 
accumulates between the oocyte nucleus and the posterior pole - the synthesis of gurken 
protein is thought to activate the DER/TOP receptor tyrosine kinase in the follicle cells which 
in turn leads to the expression of posterior polar follicle markers (reviewed by Schupbach 
and Roth, 1994) (Figure 1.5). The two posterior follicle cells then signal back the oocyte to 
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reorganize the polarity of the microtubules. The protein kinase A (PKA) in the oocyte is a 
likely candidate to receive this signal from the follicle cells. It is proposed that the activation 
of PKA may function to destabilize the posterior MTOC and reverse the polarity of 
microtubules. As observed in the PKA mutants, failure in reorientation of the polarity of 
microtubules led to mislocalization of the maternal determinants bicoid and oskar RNAs 
(Lane and Kalderon, 1994; reviewed by St. Johnston, 1995; reviewed by Anderson, 1995). 
The localization of bicoid and oskar RNAs at the anterior pole and posterior pole, 
respectively, defines the anteroposterior axis (Frohnhofer and Nusslein-Volhard, 1986, 1987; 
Schupbach and Wieschaus, 1986; Lehmann and Nusslein-Volhard, 1986, 1987; Ephrussi et. 
fl/.�1991 Kim-Hat?/, al, 1991). Therefore, the reorganization of microtubules is essential for 
the determination of the anteroposterior axis. 
The reorganization of microtubules is also critical for the establishment of the 
dorsal-ventral polarity. The oocyte nucleus seems to be always associated with the minus 
end of the microtubules (reviewed by Cooley and Theurkauf, 1994); the oocyte nucleus also 
moves from the posterior to the anterior cortex of the oocyte during the reorientation of 
polarity to the microtubules (Figure 1.5) (Gonzalez-Reyes et. al, 1995; Roth et. al.’ 1995). 
The gurken mRNA, which remains associated with the oocyte nucleus, translocates together 
with the oocyte nucleus to the future anterior-dorsal corner of the oocyte and thus defines the 
dorsal-ventral axis (reviewed by Schupbach and Roth, 1994). The mechanism was thought 
to involve in the synthesis of gurken protein, which activates the DER/TOP receptor in the 
overlying dorsal follicle cells. By taking dorsal cell fates, these dorsal follicle cells then in 
turn defines the ventral follicle cell fates. The dorsal-ventral polarity is instituted by the 
activation of the TOLL receptor in the ventral oocyte membrane through a signal provided 
from the ventral follicle cells (reviewed by Morisato and Anderson, 1995). 
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Figure 1.4 Microtubule reorganization during oogenesis 
A. Stage 1. An MTOC appears to localized at the anterior pole of stage 1 oocyte near the 
ring canals. B. Stage 2 - 6 . The MTOC shifts to the posterior pole and extends microtubules 
into adjacent nurse cells. C. Stages 7—1 OA. The posterior MTOC is no longer detectable 
but high concentration of microtubules is detected at the anterior cortex of the oocyte. A 
gradient of microtubules is formed from the anterior end to the posterior end of the oocyte. 
D. Stage lOB -12. Subcortical microtubule bundles assemble and ooplasmic streaming 
begins. The egg chambers are not drawn to scale. (Adapted from Theurkaufe/. al, 1992). 
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1.3 Maternal genes are essential for development 
The reorganization of microtubules is essential for the subsequent localization of the 
maternal signals, bed RNA and oskar RNA. Although not originated zygotically, these 
maternal signals are synthesized in somatic nurse cells and then deposited to the developing 
egg during oogenesis. These maternal signals help to define and initiate the basic 
organization and polarity of the two main body axes. Only about thirty genes have been 
identified to encode the maternal signals (Nusslein-Volhard et. al., 1987). These genes can 
be further divided into four groups on the basis of defining different parts of the body axes. 
These four groups are dorsoventral group genes, anterior, posterior, and terminal genes. 
While dorsoventral group genes are responsible for specifying the dorsoventral axis of the 
embryo, the other three groups (anterior, posterior, and terminal genes) are necessary for 
defining the anteroposterior axis. 
Most of the knowledge regarding the functions of these maternal genes comes from 
the study of genetic screens that are designed to isolate maternal-effect mutations of which 
affect the embryonic pattern (Gans et. al., 1975; Schupbach and Wieschaus, 1986; 
Nusslein-Volhard et. al., 1987). Even though some of the eggs appeared normal in shape, the 
embryos produced by maternal-effect mutants had cuticular pattern defects - these defects 
were usually ranged from reduction to loss of some of body structures. Mutations in the 
anterior maternal genes resulted in loss of anterior head and thoracic structures, whereas the 
posterior maternal mutations yielded deletions of abdominal segments. On the other hand, 
the terminal mutations produced abnormalities in the unsegmented ends of the embryo, 
namely, the acron and telson (Figure 1.6). For the anteroposterior axis, several mutations, 
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bicoid {bed), exuperantia (exu), swallow (5ww), staufen {stau\ bicaudal {hic\ Bicaudal-D 
(BwD) and Bicaudal-C (Bic-C) (Frohnhofer and Nusslein-Volhard, 1986，1987; Schupbach 
and Wieschaus, 1986; Cans et. al.’ 1975; Stephenson and Mahowald, 1987; Zalokar et. al, 
1975; Nusslein-Volhard, 1977; Mohler and Wieschaus, 1986; reviewed by Nusslein-Volhard 
6?/. al., 1987) are responsible for the anterior defects. On the other hand, oskar {osk\ vasa 
(vos")�tudor (tud), staufen {stau\ valois {vls\ nanos {nos\ and putnilio (pum) (Lehmann and 
Nusslein-Volhard, 1986; Schupbach and Wieschaus, 1986; Boswell and Mahowald, 1985; 
review by NUsslein-Volhard et. al., 1987) affect the structural formation in posterior 
position. For the terminal structure formation, torso {tor\ trunk {trk), torsolike {Isl), fsl 
polehole \fs(l) ph], and fs(l) Nasrat \fs(l) N] (Schupbach and Wieschaus, 1986; Perrimon 
e/. al., 1986; Degelmann et. al, 1986; reviewed by Nusslein-Volhard et. al.’ 1987) 
determines the proper formation of such terminal structures. Noticeably, defects in both 
anterior and posterior pattern were observed in stau mutants, and hence stau is classified into 
both anterior and posterior group genes. 
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Figure 1.5 A model for the initiation of establishment of the two body axes by one 
single signal. 
A) T\\q gurken mRNA is associated with the nucleus which locates at the posterior pole of the 
oocyte at stage 3 — 6. Its expression includes the follicle cells to adopt posterior cell fates. B) 
The two posterior polar follicle cells then signal back to induce the reorganization of 
microtubule within the oocytes. C) The nucleus as well as the gurken mRNA move along the 
cortex toward the anterior in response to the repolarization of the microtubules. D) Once the 
nucleus reaches the anterior corner of the oocyte, gurken signals the overlying follicle cells 
to adopt dorsal cell fates. Thus the formation of two axes can be inititated by one signal 
pathway (Adapted from Anderson, 1995). 
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Figure 1.6 Embryonic pattern of maternal mutants. 
The maternal genes mutations caused the loss of corresponding body structures. For the 
anterior maternal mutants, head and thoracic structures are lost. On the other hand, for the 
posterior maternal mutants, abdominal segments are missing. For the terminal maternal 
mutants, acron and telson are deleted (A: anterior structures, such as head and thoracic 
segments; P: posterior structures, abdominal segments; T: terminal structures, acron and 
telson; Ac: acron; He: head; Th: thorax; Ab: abdomen; Te: telson) (Originally published in 
St. Johnston and Nusslein-Volhard, 1992). 
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1.4 Maternal gene bicoid is required for formation of anterior structures in the 
embryo 
One of the anterior maternal genes, bicoid {bed), is required for the proper formation 
of the anterior pattern. Mutation of this gene resulted in the loss of head and thorax and the 
anterior acron is transformed into telson at the anterior end of the embryos (Figures 1.7) 
(Frohnhofer and Nusslein-Volhard, 1986). From cytoplasmic transplantation experiments, it 
is revealed that the activity of bed is localized at the anterior pole of the embryos (Frohnhofer 
and Nusslein-Volhard, 1986). Transplantation of cytoplasm from the anterior pole of the 
wild type embryo to the same region of the strong hcd mutant embryo restored the normal 
phenotype; although the efficiency of such phenotypic recuse decreases with increasing age 
of both donors and recipients. In addition, anterior structures were induced by injecting the 
same cytoplasm at any position along the anteroposterior axis of the embryo (Frohnhofer 
and Nusslein-Volhard, 1986, 1987). These experiments showed that hcd mRNA was by 
itself sufficient to determine polarity (Nusslein-Volhard, 1996). 
1.5 Establishment of an anterior to posterior bicoid protein gradient 
In somatic cells, mRNA localization is important for the targeting of proteins to 
regions of cells where their specialized function is required. Subcellular mRNA localization 
is a means for a developing organism to create gradients of morphogens. For example, actin 
mRNA is localized to the leading edge of motile chicken fibroblast lamellopodia where 
newly synthesis of actin protein is required to maintain cell polarity (Lawrence and Singer, 
1986). 
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Figure 1.7 Development defects in the maternal gene mutants 
In bicoid mutants, the anterior structure, namely head and thorax, are lost and the anterior 
acron is transformed into a telson. In oskar mutants, abdominal segments are lost while the 
acrosn and telson are missing in the torso mutants. The hatched rectangle in the upper row 
showed that the normal origin of the regions are detected. The second row shows the 
corresponding changes in the fate maps of the embryo while the lower rows show the cuticle 
defects. (Ac: acron; Th: throax; Hd: head; Ab:abdomen; Te: telson) (Originally published in 
Nusslein-Volhard et. al., 1987). 
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The gene products of bed control the activity present in the cytoplasm of the anterior 
pole. In the embryo, bed mRNA is localized in the cytoplasm at the anterior cortex (Driever 
and Nusslein-Volhard, 1988a). This localized bed mRNA is then translated to produce an 
anterior to posterior concentration gradient of bicoid protein, which forms a an extend of 
gradient over the anterior two-thirds of the embryo (Figure 1.8) (Frigerio et. al., 1986; 
Berleth et. al., 1988; Driever and Nusslein-Volhard, 1988a; St. Johnston et. al.’ 1989). This 
protein gradient determines and affects the anterior structures in a concentration dependent 
manner, as changes in the bed genes dosage led to complementary shifts in both the protein 
gradient and the anterior fate map (Driever and Nusslein-Volhard, 1988b). Furthermore, this 
concentration gradient of bicoid protein is necessary for the initiation of a cascade of zygotic 
gene expression, and the spatial and temporal patterns of which underline formation of the 
anteroposterior segmentation pattern of the embryo (Akam, 1987，Frohnhofer and 
Nusslein-Volhard, 1987，Ingham,丨 988, Tautz, 1988). 
The bicoid protein concentration gradient was generated by two processes: the 
translation of and diffusion of bicoid protein form the localized bed mRNA source, and the 
degradation of the bicoid protein throughout the embryo. In order to produce a stable and 
nonlinear gradient of bicoid protein, the rates of ^cc/translation, of diffusion and of dispersed 
proteolytic degradation should attain an appropriate balance (Driever and Nusslein-Volhard, 
1988a). This model suggests that bicoid protein should have a low stability. The presence of 
several PEST sequences (Driever and Nusslein-Volhard, 1988a), which are present in some 
proteins of short half-life and are thought to be signals for degradation (Roger et. al, 1986 
Rechsteiner et. al., 1987)，in bicoid protein may reflect its low stability. 
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Figure 1.8 Expression of bicoid (bed) and hunchback (hb) 
1) bicoid protein gradient is produced by translation of the anteriorly localized bed mRNA 
and extends over the anterior two-thirds of the embryo. 2) Translation of homogeneously 
distributed hb mRNA is activated by bicoid protein at the anterior while it is inhibited by 
nanos at the posterior, producing a gradient distribution of hb protein at anterior half of the 
embryo. 
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1.6 The bicoid protein gradient regulates the downstream zygotic target genes in a 
concentration-dependent manner 
Upon the formation of concentration gradient of bicoid protein, it then acts as a 
transcriptional activator to regulate the genes downstream. Under the influence of the bed 
« 
gradient as well as the gradient produced by the posterior determinants nemos, a group of 
zygotic target genes, which determine the pre-pattern of the embryo, are spatially expressed 
along the anteroposterior axis. This group of zygotic genes is termed gap genes; mutations in 
these genes will result in elimination of particular regions of the embryo and creating a gap in 
the anteroposterior pattern (Ingham, 1988). There are three principal gap genes: hunchback, 
Kriippel and knirps (Nusslein-Volhard and Wieschaus, 1980). They are spatially expressed 
along the embryo from the anterior to posterior to provide the first subdivision of the embryo 
{KmpplQet.aL, 1985;Tautz, 1987,1988; Gaul e/. «/., 1987; Pankratze/. al., 1989). The gene 
products of the spatially gene expression contained DNA binding finger domains which acts 
as transcription regulators. The interaction of these transcriptional regulators further 
regulates the spatial expression of pair-rule genes (for example, engrailed Siwd wingless) and 
segment polarity genes (for example, hedgehog, decapentaplegic, and patched). The 
expression of these genes and their gene products subdivide the embryo into its segmental 
units，which form the segmented pattern of the larvae (Figure 1.9). The homoeotic genes 
further specify and direct the development of different body parts in segments (reviewed by 
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Figure 1.9 Formation of body polarity 
The polarity is originated from the maternal effect genes and then from the expression of gap 
genes. The gap genes divide the body into several segments as well as to control the 
expression of pair-rule genes. The pair rule genes regulate the expression of the segment 
polarity and the gene products in turns determine the polarity of each segment. (Originally 
published in Gilbert, 1994). 
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1.7 bicoid protein acts as a transcriptional regulator 
The presence of a homeodomain within the bicoid protein sequence suggests that it is 
a sequence-specific DNA binding protein and directly regulates zygotic target genes 
(Frigerio et. al, 1986; Berleth et. al, 1988). Among these target genes, hunchback {hh; 
Tautz et. al., 1987) is a gap gene, which is required for defining structure of thorax and part of 
the head (NUsslein-Volhard and Wieschaus, 1980; Tautz et. al., 1987). In response to the 
bicoid protein gradient, hunchback is expressed homogeneously in the anterior half of the 
embryo and to form a sharp posterior border (Figure 1.8) (Driever et. al., 1989; Struhl et. al, 
1989). Regulation of the zygotic expression of hunchback is directly linked to the binding of 
bicoid protein. Five bicoid protein binding sites are found within the 300 bp immediately 5' 
to the start site oi hunchback — three of these sites in the promotor region are both required 
and sufficient for the activation of expression of hunchback ((Driever and Nusslein-Volhard, 
1989a). Since this region can direct the bed-dependent expression of a reporter gene in the 
anterior half of the embryo, it is suggesting that bicoid protein can bind directly to the region 
and activate the transcription of hunchback (Schroder et. al., 1988; Struhl et. ul., 1989; 
Driever and Nusslein-Volhard, 1989b). 
The gene hunchback is one of the zygotic target genes, which are regulated by bicoid 
protein. The regulation on spatial expression of these genes is achieved by bicoid protein in a 
concentration-dependent manner. Changes in the maternal bed gene dosage will yield two 
effects: a complementary shift in both the bicoid protein gradient, and the spatial expression 
of zygotic target genes by binding cooperatively to promoter regions of the genes (Struhl et. 
al•’ 1989; Driever and NUsslein-Volhard, 1989b), as is observed in the binding of lambda 
repressor to its tripartite operator (Johnston et. al., 1979; reviewed in Ptashne, 1986; Struhl 
et. a l , 1989). Two factors are involved in facilitating the cooperative binding of bicoid 
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protein to target DNAs: the first element is the higher affinity for bicoid proteins that bind 
multiple DNA binding sites rather than single sites, and the second factor is the DMA 
dependent bicoid-bicoid protein interaction (Ma et. al., 1996). The cooperative binding 
results in a sigmoidal binding characteristic in which a switch between on- and off- state of 
transcription is allowed within a narrow range of bicoid protein concentration (Driever and 
Nusslein-Volhard, 1989a, 1989b). In such a model, at concentration above certain level, 
bicoid protein can bind multiple binding sites, but the binding of bicoid protein to the sites do 
not occur once any of the sites are at a lower concentration at positions slightly more towards 
the posterior. Thus, genes, such as hunchback, with high affinity bicoid binding sites require 
low bicoid concentrations to be activated and expressed in large anterior regions. On the 
other hand, some genes with low affinity of the sites, such as orthoderjticle (Finkelstein and 
Perrimon, 1990), bultonhead (Cohen and Jurgens, 1990; Wimmer et. al, 1993), and empty 
spiracles (Dalton et. al., 1989) are activated only at higher concentrations and expressed in 
smaller anterior domains (reviewed by Ma et. al, 1996). Therefore, the gradient of bicoid 
protein is transformed into discrete domains of expression of zygotic target genes, which 
stipulate the corresponding regions of the embryo (Driever and Nusslein-Volhard, 1989a, 
1989b; Struhl et. al., 1989). 
Research evidence suggests that hunchback plays a dual role: it is not only 
responsible for defining the anterior structures but also acts as a morphogen to specify the 
polarity of the embryo. The gene hunchback is expressed both maternally and zygotically. 
The proper spatial expression of the zygotic hunchback and all known bed target genes 
requires synergistic activation by both maternal hunchback and bicoid (Simpson-Brose et. 
al., 1994). The expression of hunchback is needed to specify the correct long range polarity 
of the embryo and the maternal hunchback has a dose-dependent effect on the spatial 
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expression of the gap genes Kruppel, knirps, and giant (Hulskamp et. al: 1990; Struhl et. al., 
1992). Therefore, the anterior pattern of the embryo is not simply determined by a single 
morphogen gradient but rather a combination of multiple morphogens. 
1.8 bicoid protein acts as a translational repressor 
In addition to the bicoid protien's role of transcriptional activator on zygotic 
segmentation genes, such as the previously mentioned hunchback gene, at different threshold 
concentrations in the anterior region of the embryo (Driever and Nusslein-Volhard, 1989a; 
Struhl et. al., 1989; Burz et. al” 1998, Gao and Finkelstein, 1998), it has been shown that 
bicoid protein also acts by repressing the translation of evenly distributed maternal caudal 
{cad) mRNA in the embryo (Dubnau and Struhl, 1996; Rivera-Pomar et. al., 1996). This 
second regulatory function of bicoid protein produces a caudal protein gradient, which forms 
in the opposite direction to bicoid protein gradient (Mlodzik and Gehring, 1987). The 
transcriptional and translational regulatory functions of bicoid protein involve the 
homeodomain, which is an evolutionarily conserved helix-turn-helix motif composed of 
three a helices (Driever and Nusslein-Volhard, 1989b; Dubnau and Struhl, 1996; 
Rivera-Pomar et. al., 1996; Burz et. al,, 1998; Gao and Finkelstein, 1998). Recently, it is 
shown that the replacement of arginine 54 (R54) within the helix III of the bicoid protein 
homeodomain shifts the binding property of the homeodomain to prefer DNA over RNA 
recognition and abolishes caudal mRNA translational repression but not affecting 
translational activation of hunchback gene (Niessing et. al., 2000). Thus, helix ill of the 
bicoid homeodomain, of which consist an arginine-rich motifs, is necessary for both 
translational activation and translation repression, and essential for specifying not only DNA 
binding but also RNA recognition by the bicoid protein (Niessing et, al., 2000). 
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1.9 The anterior localization of bed mRNA 
The gradient of bicoid protein concentration is transformed into spatial expression of 
downstream development genes along the anteroposterior axis. A prerequisite requirement 
for this to occur is that bed mRNA must have been firstly localized to the anterior pole before 
this gradient is produced. It would be an interesting question to address on how this maternal 
mRNA gets to localize to its destination in the first instance. The mechanism of this process 
has not been completely understood. According to St. Johnston et. al., 1989, the localization 
of bed mRNA begins at oogenesis and can be distinguished into four phases (Figure 1.10). 
Initially, the bed mRNA begins to concentrate at the oocyte at stage 5 (stages according to 
King, 1970; Mahowald and Kambysellis, 1980; Spradling, 1993). Through stage 6 to 9 of 
oogenesis (the first phase), bed mRNA is observed to accumulate in a ring at the anterior end 
of the oocyte. Later in stage 9 to 10a follicles (phase 2), bed mRNA localizes at both the 
apical regions of the nurse cells and anterior end of the oocyte. Further down in the 
sequential event, as in stages 10b to 11 (the third phase), all bed mRNA localizes to the 
anterior cortex, while it localizes to a slightly dorsal spherical region at the anterior pole 
between stage 12 and egg deposition (phase 4). 
1.10 Components required for the localization of bed mRNA 
1.10.1 c/s-acting elements 
The localization process of bed mRlSiA was found to rely on several elements. 
Among these elements, one of them is a c/^-acting sequence, which is responsible for the 
localization. It was demonstrated that the 5' UTR and the entire bicoid coding sequence 
could be replaced without disrupting the localization of the mRNA. In contrast, a discrete 
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portion within the 3' untranslated region of the bed mRNA is necessary for its anterior 
localization (Macdonald and Struhl, 1988). This region is composed of 625 nucleotides at 
the 3，untranslated region (UTR); this region is required for the bed mRNA localization and 
is sufficient to confer localization of a heterologous transcript to the anterior pole. It was also 
suggested that this sequence include regions capable of forming extensive secondary 
structure, which presented binding sites of its localization. Analysis of the 3，UTR of eight 
Dwsophila species, including Dwsophila melanogaster, D. simulam, D. sechellia, D. 
leissieri, D. heleroneura, D. pocticornis, D. virilis (Macdonald, 1990) and D. pseudoobscura 
(Seeger and Kaufman, 1990) showed certain degree of homology. The primary sequences of 
the six species were up to 50% divergent form the D. melanogaster gene, but they showed 
patchy homology throughout most of the region. Furthermore, all sequences of the seven 
species can potentially form a large stereotypic secondary structure, indicating that there was 
a high degree of conservancy in secondary structures despite of divergence of the primary 
sequences. In addition, the 3, UTR showed functional conservation, as the 3，UTR from 
three evolutionarily distinct species were tested interspecifically for bed mRNA localization 
in D. melanogaster — the result showed that each of them was to be functionally 
interchangeable (Macdonald, 1990). Thus, these 3’ UTR are both structurally and 
functionally conserved and are essential for bed mRNA localization. In addition, such 
conservation implied that this structure was recognized by /r^wi-acting factors for 
localization (Lipshitz, 1991; Marcey et. al., 1991). 
1.10.1.1 BLEl at 3' UTR directs localization of bed mRNA 
Further investigation by screening a series of bed transgenes that carry small 
deletions in the 3, untranslated region had revealed that, by constituting the localization 
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signal, a bed localization element 1 (BLEl) was responsible for early steps of localization 
(Macdonald et. al., 1993). The BLEl contained a sequence of 50 nucleotides. A transgenic 
mutant lacking this sequence had lost all the early localization, and the earliest localization 
can be disrupted by a single nucleotide change in this region. In addition, some other 
deletions within the 3' untranslated region were found to impair localization. This suggests 
that more than one localization element would be present, with each of these elements may 
act on different steps of the localization process. One comparable example is the multiple 
localization elements in the 3，untranslated region of the oskar mRNA; different elements 
mediates different steps in its localization to the posterior pole of the oocyte (Kim-Ha et. al, 
1993, reviewed by Macdonald et. al., 1993). 
Two copies of BLEl are sufficient to direct the early stages of localization to the 
oocyte, transiently to the anterior cortex, and to the apical nurse cell cytoplasm. Isolated 2x 
BLEl directed bicoid mRNA localization whereas Ix BLEl does not (Macdonald et. al., 
1993). It is possible that the second copy present in localized constructs allows a more stable 
interaction between the localization machinery and the 3' UTR, obviating the need for 
additional stabilizing factors which will bind elsewhere in the 3, UTR (Micklem, 1995). 
Research finding showed that another element, exuperantia-like (exl) protein, with molecular 
mass of 115 kD, was involved in bed mRNA localization process. It was demonstrated that 
there was correlation between in vitro exl binding and one phase of in vivo localization 
directed by BLEl, implicating an interaction of exl and BLEl in that localization event 
(Macdonald et. al., 1995). 
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Figure 1.10 Four phases of localization of bicoid {bed) mRNA. 
The four phases can be disrupted in several maternal mutants, exuperantia (exu), swallow 
and staufen (stau). Thus, these three genes are involved in localization of bed mRNA 
in a stepwise manner. The stage of oogenesis is denoted by the number below each egg 
chamber. Nurse cells (nc), follicle cells (fc), oocyte (oo). (Orginally published in Lasko, 
1999). 
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A simple model of localization of bed mRNA was proposed that once bed mRNA is 
transcribed in the nurse cells, it is recognized and trapped after passing from the nurse cells to 
the anterior end of the developing oocyte through cytoplasmic bridge (Macdonald and Struhl, 
1988). In this model, certain receptors anchoring on structural components of the oocyte is 
required to be present in order to recognize and bind the bed mRNA. However, these 
receptors do not need to be localized as the polarized entry of bed mRNA already allows the 
anterior localization. Nevertheless, this model dose not agree with other observations on 
relocalization of bed mRNA after the treatment with microtubule destabilizing drug 
(Pokrywka and Stephenson, 1991). Upon treatment with nocodazolee, a microtubule 
destabilizing drug, the bed mRNA in the oocyte was released form the anterior cortex and 
dispersed into the oocyte cytoplasm. After rinsing to remove the drug, most of the bed 
mRNA was relocalized at the anterior cortex. Although some bed mRNA was mislocalized 
along the cortex at more posterior positions, higher concentrations of bed mRNA was always 
present at the anterior tip. This observation indicated that the drug-released bed mRNA 
could be relocalized to the anterior end after removal of the drug. Therefore, the localization 
of bed mRNA is unlikely to involve simple transporting and trapping mechanisms. It is 
conceivable that the localization of bed mRNA must depend on other mechanisms and may 
require additional components. 
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1.10.2 7>fl«s-acting elements 
1.10.2.1 exuperantia, swallow and staufen are necessary for localization of bed mRNA 
Several rra/w-acting elements are responsible for bed mRNA localization. Three 
anterior maternal genes, exuperantia {exu\ swallow Oww) and staufen {stau) (Cans et. al, 
1975; Schupbach and Wieschaus, 1986) are involved in the localization process (Frohnhofer 
and Nusslein-Volhard, 1987; Stephenson et. al., 1988; St. Johnston et. al., 1989). Mutations 
of these three genes caused the loss of anterior structures (Figure 1.11). Defects in 
localization of bed mRNA were recorded in all of these mutants (Figure 1.12). According to 
experimental results shown by St. Johnston et al (1989)，exu mutants display the earliest 
defects in the localization among the three mutations. The initial localization of bed mRNA 
during stages 5 to 7 is normal, when compared to the wild type. From stages 8 to 9，bed 
mRNA is localized at the anterior cortex of the oocyte but the mRNAs are more diffused as 
opposed to the tight localization as observed in the wild type. Furthermore, bed mRNA 
failed to localize at the anterior pole of the stage 10 oocyte or to the apical regions of the 
nurse cells in the mutants. Instead, the bed mRNA shows a uniform distribution within the 
oocyte and nurse cells. 
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Figure 1.11 Cuticle patterns of maternal mutants showing loss of the anterior pattern 
in larvae 
A. wild tvoe. B. bed'''/ beef' 
a strong bed allele. The head and thoracic structures are 
replaced by a duplicated teslson and the anterior abdomen is defective. C. exu''' mutant, and 
d. swa mutant show loss of head structure. E. stau mutant displays anterior as well as 









Figure 1.12 Defects in localization of bicoid (bed) mRNA of the maternal gene 
mutations 
In the three mutants, exuperantia {exu), swallow (^ww), and staufen (stau), bed mRNA is not 
tightly localized to the anterior pole of the oocyte. The exu mutants display the earliest 
defects in the localization and result in loss of the anterior localization in the oocyte and the 
apical localization in the nurse cells (Adapted from Lawrence, 1992) 
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In sww ovaries, a normal localization of bed mRNA is observed up to stage 10a. 
During stage 10b and 11，the anterior localization of bed mRNA appears to shift posteriorly 
and become more diffused. By stage 12, all bed mRNA is released from the cortex and forms 
a shallow anterior to posterior gradient. While in stem mutants, hcd mRNA seems to have 
localized normally until stage 12 and then it is released from the anterior pole after this stage 
- t h e localization of bed mRNA still forms a gradient in the early embryos. All the mutations 
cause a loss or shallower gradient of bicoid protein, and the phenotypes of these mutants 
showed loss of the anterior body structures in the embryos. 
1.10.2.2 exu protein is an absolute requirement for the localization 
There are three maternal genes required in the localization of bed mRNA in a 
stepwise manner (Figure 1.10) (St. Johnston et. al., 1989). Since exu mutations produce an 
early defect in the localization cascade, it seems to play an important role for localization of 
bed mRNA during oogenesis. The exu gene seemed not to be necessary for the maintenance 
but rather for the establishment of the localization in the developing oocyte (Macdonald et. 
al., 1991; Marcey et. al., 1991). Apart from oogenesis, exu was also required to function in 
spermatogenesis (Hazelrigg et. al., 1990) as several exu alleles were found to be male sterile. 
During oogenesis and spermatogenesis, the exu gene encodes overlapping sex-specific 
transcripts; and three kinds of mRNA are transcribed form exu gene. One of the three is a 
major female germline-specific 2.1 kb transcript; the second one is a male germline-specific 
2.9 kb transcript which overlaps with the female one, while the third one is a rare 2.5 kb 
transcript which is expressed in somatic cells (Marcey et. al, 1991). There are three exons in 
exu mRNA, which comprise an open reading frame (ORF) of 1596 nucleotides. Translation 
oiexu ORF produces a prptein of 532 amino acids, which has a predicted molecular weight 
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of 57981 Daltons. The exu protein has a predicted pi of 10.12 and contains several basic, 
arginine-rich stretches (Marcey et. al, 1991). 
1.10.2.3 Microtubules dependence of the localization 
Another trans-aciing element necessary for bed mRNA localization is a cytoskeletal 
component, microtubules. Several biological processes involving cytoskeletal elements in 
other systems have been already studied. In Caetiorhahditis elegans, P-granules are 
segregated into the posterior cell at the first cleavage by a mechanism that requires 
microfilament function (Strome and Wood 1983; Hill and Strome, 1988)，while in Xenopus 
oocytes, both microtubules and microfilaments are required for the localization of Vgl RNA 
to the vegetal cortex (Yisraeli et al, 1990). It is similar in Drosophila, in which the 
localization of bicoid mRNA to the anterior oocyte end also requires the microtubules 
(Pokrywka and Stephenson, 1991). Other biological processes, ooplasmic streaming 
(Gutzeit, 1986) and oocyte differentiation (Koch and Spitzer, 1983; Theurkauf, 1994a; 
Theurkauf, 1994b; Theurkauf et. al., 1993) also depend on the integrity of the microtubule 
network. 
It has long been known that cytoskeletal components play a role in localization of 
developmental determinants. Microtubules were shown to be absolutely required for 
localization of bed mRNA. Drugs that depolymerize microtubules perturbed all aspects of 
bed mRNA localization, strongly suggesting that the cortical cytoskeleton is an important 
element for the mechanism of localization (Pokrywka and Stephenson, 1991). In a study 
using destabilizing drugs, nocodazole, colchicine and tubulozole-C, it revealed that all stages 
of anterior localization of bed mRNA in the oocytes (Pokrywka and Stephenson, 1991) and 
the characteristic apical localization at the nurse cells were lost. The observation suggested 
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that microtubules are necessary for both the initial localization of bed mRNA and the 
maintenance of its localization. Further study showed that the egg chambers recovered from 
drug treatment had their bed mRNA, at least mostly, relocalized to the anterior margin 
(Pokrywka and Stephenson, 1991). Therefore, microtubules are involved either directly in 
localizing bed mRNA or indirectly in maintaining the integrity of other cytoskeletal 
functions for the localization. 
Pokrywka and Stephenson (1994) provided further evidence that both bed mRNA 
and exu protein were associated with microtubules. By cellular fractionation technique, 
association for both bed mRNA and exu protein with a detergent-insoluble fraction was 
found and their associations could be released by microtubule-destabilizing drugs. This 
revealed that both bed mRNA and protein were associated with components, presumably 
microtubules in the detergent-insoluble fraction. 
1.11 Functions of exu in localization of bed mRNA 
Although many components have been identified, the mechanism on how they work 
together to allow localization of bed mRNA is still unknown. At least two components, exu 
protein and microtubules, are known to play an important role in the localization process. 
The process of a nearly uniform egg cell develops into an animal with dozens of types of cell, 
each in its proper place, represents a striking increase in complexity of development. Hence, 
by studying of the interaction of exu protein with components such as microtubules, and 
through the seeking of other interacting factors - it will provide further insight into the 
localization mechanism of /)ct/mRNA, which represents one of the fundamental strategies in 
the determination of body axes in animals. 
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1.12 Characteristics of Bic-D protein and Bic-D gene 
As a result of the exiiperantia mutation, the resulting embryos are lack of head 
structures and there are duplicate posterior gastrulation events at their anterior ends (Berleth 
et. 1988). In the Bicaudal-D mutants, a similar mutation phenotype is observed, as the 
anterior end of the mutants not only disappears but is also replaced with a double mirror 
image of the posterior ends (Mohler and Wieschaus, 1986). 
Weak BicD dominant phenotypes show only a reduction of anterior structure, 
whereas strong phenotypes show lacking of anterior structures entirely and formation of 
posterior structure at the anterior end instead (Suter et. al, 1989). In association with the 
anterior to posterior transformation in embryos from Bic-D mothers, there is a reduction of 
bicoid protein and the presence of posterior factors at the anterior pole (Lehmann and 
Nusslein-Volhard, 1986; Driever and Nusslein-Volhard, 1988b). Lehmann and 
Nusslein-Volhard (1986) could demonstrate that posterior factors are mislocalized to the 
anterior pole of Bic-D embryos, where it is possible to generate a second posterior center. 
Hence, these mislocalized posterior activities may divert subsequent development fate by 
inactivating or destabilizing anterior activities. As an example, nemos, being one of the 
posterior genes, has been known to repress the anterior activity of the maternally supplied 
gap gene hunchback in the posterior region (Tautz 1988; Hulskamp et. al. 1989, Irish et. al. 
1989，Struhl 1989). It is suggested that the Bic-D protein may interact with one or more of 
the components involved in the establishment of anterior-posterior polarity, perhaps 
functioning to localize or stabilize these components properly in the developing egg chamber 
(Suter el. al, 1989). 
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There are structural similarity between the predicted Bic-D protein and the myosin 
heavy chain (MHC) tail. Each MHC is composed of a globular head and a coiled-coil region. 
In MHC, two a-helics coil around each other to form the rod-like tail. The fundamental 
structure of this amphipathic helix is a hepatpeptide repeat (McLachlan and Karn, 1983), 
which generally supports coiled-coil formation between different domains of a protein or 
between two protein molecules (Steinert et. al. 1985, Cohen and Parry, 1986; Murre et. al., 
1989). Extended heptad repeats of the same type are found to be present in the predicted 
Bic-D protein. Therefore, it seems likely that the Bic-D heptad repeats are also used for 
coiled-coil interaction leading to (e.g. homo-) dimer formation and possibly higher order 
aggregates similar to MHC filaments (Suter et. al” 1989). 
Since the Bic-D protein becomes localized to the pro-oocyte, most likely through 
transport, it is reasonable to suggest that this localization is essential not only for the 
oocyte-specific accumulation of Bic-D and KIO RNA, but also of other RNAs or proteins. 
The recessive Bic-D mutant phenotype suggests that Bic-D functions to localize meiosis- and 
oocyte- inducing factors in the pro-oocyte. However, based on its predicted coiled coil 
structure, the Bic-D protein may act as link between the factors and the transport or 
anchoring machinery (Suter and Steward, 1991). 
It was postulated that one of the possible roles for Bic-D in oocyte determination is to 
establish the polarized microtubule network that connects the presumptive oocyte to the 
other 15 germ-line cells. However, there are three different results argue against this 
postulation. Firstly, by using the kinesin-p-gal fusion protein as a marker for microtubule 
polarity, microtubules are organized correctly in stage 8 to lOB of oogenesis in Bic-D 
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mid-oogenesis m u t a n t � B i c - D _ ) . Secondly, the rapid ooplasmic streaming, which begins in 
stage lOB and is microtubule-dependent, is not affected. Thirdly, immunostaining of mutant 
egg chamber with an anti-tubulin antibody reveals that there were no effects on microtubule 
organization throughout oogenesis (Swan and Suter, 1996). 
Although Bic-D does not seem to encode a microtubule-base motor (Suter et. al 
1989, Wharton and Struhl, 1989), it may still act as an intermediate in either transport or 
anchoring of factors to microtubules. Such intermediate proteins have been described in 
other systems: the dynactin complex appears to mediate interactions between 
membrane-bound organelles and the microtubule-based motor dynein (Schroer and Sheetz, 
1991). Similary, CLIP 170 appears to function in anchoring of endocytic carrier vesicles to 
microtubules (Pierre et. al, 1992). 
Bic-D is essential for all early signs of oocyte differentiation. Zygotic Bic-D is 
required for the first phase of oogenesis, which is the patterning of the cluster of 16 
interconnected cystocytes into one oocyte and 15 nurse cells with different cellular identity. 
Futhermore, as indicated by the 16 nurse cell phenotype, Bic-D is also essential for keeping 
the oocyte in meiosis and it is required for the posterior localization of the oocyte in the egg 
chamber (Ran and Suter, 1991). 
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1.13 Aim of project 
The fact that the exu protein is apically localized while its mRNA is evenly 
distributed in the nurse cells also suggests that exu protein might interact with certain fixed 
subcellular structures. The most likely structures with which exu protein is associated 
include cytoskeletal components such as microtubule and microfilament (Pokrywka and 
Stephenson, 1991 &1994). The research group of Nusslein-Volhard (1997) described a 
subcellular structure in the female germ line of Drosophila that contains RNA and is strongly 
enriched for Exu protein; furthermore, suggestion was postulated that this subcellular 
structure might from an intracellular compartment for the assembly and transport of cis- and 
/ ra� -ac t ing elements involved in RNA localization. 
The number and identity of the components of the described subcellular structure 
remains to be studied. The exuperantia protein had been generated by an in vitro 
transcription and translation coupling system. A series of experiments had been carried out 
to identify and characterize the trans-aciing factors that interact with exuperantia protein. 
The first analysis approach involved usage of immunohistochemical detection in 
determining the co-localization of proteins in oocytes. The second experimental strategy 
made use of proteins synthesized by an in vitro coupled translation and transcription system 
by testing the direct interactions of the proteins through immunoprecipitation. The third 
analysis employed the metabolic labeling method in identifying the / r a � - a c t i ng elements. 
The fourth analysis method was attempted to elevate the components in the 
immunoprecipitation complex from fly tissue extract isolated, supplemented with 
recombinant exu protein, with the usage of the rabbit polyclonal anti-exu. 
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Chapter 2 Materials and Methods 
2.1 Fly food 
Flies were reared on standard medium unless otherwise specified. Standard medium 
contained 9g Agar, 40g EBIOS (dry yeast for beer), 90g cornmeal (Hominy grits), lOOg 
glucose，3 ml propionic acid, 20 ml n-Butyl-p-hydroxybenzoate and IL double-distilled 
water. 
2.2 Conditions in maintaining the fly stocks and working stocks 
Stock flies were kept at a refrigerator at 18 °C and a water tray was placed on the 
bottom shelves in the refrigerator to keep the humidity at a reasonable level. Stock flies were 
routinely rotated to new bottles of fly food to propagate at 2 week interview. On the other 
hand，working stocks were kept at room temperature with air conditioning. Working flies 
were hand-sorted by a paint-brush under CO2 anesthetization on a CO2 platform connected to 
a CO2 source. The selected flies were then transferred into a new bottle with fly food, which 
was spiked with a few dry yeast pellets. The bottles of flies would then be incubated at a 
temperature of 2 2 � C overnigh before hand dissection, w — flies were used as the source of 
wild type exuperantia protein. An exuperantia protein null mutant, exi严,which had a 
nonsense mutation at residue 53 of the predicted protein sequence (Macdonald et. al, 1991), 
was used as a negative control. 
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2.3 Localization of exu protein and other intracellular elements by indirect 
immunofluorescence detection 
2.3.1 Immunohistochemical distribution of exu and Bic-D protein 
files were used as the source of wild type flies; Bic-D隱 and Bic-D— were 
used as the source of Bic-D mutant files. The Immunohistochemical staining protocol was 
essentially as described by Macdonald with modification (Macdonald et. al.’ 1991). About 
20 pairs of ovaries from two-day-old well-fed files were dissected in PBS. The ovaries were 
dispersed in about 50 of PBS by pipetting up and down with a volume of 30 \x\ in a 
microfuge tube until the individual ovarioles were completely dispersed. Excessive pumping 
was avoided to preserve the morphology of the ovarioles. To enhance penetration of 
antibodies, the ovarioles were incubated in 1 ml of 0.375 mM KCIat37 °C for 30 minutes and 
then washed twice by PBS. The ovarioles were fixed in 4% formaldehyde in PEM buffer 
(0.1 M Pipes, 2 mM MgSCU and 1 mM EGTA) for 17 minutes with rotation. The ovarioles 
were washed twice briefly with PTW (0.1% Tween in PBS) and then washed twice 
thoroughly for 30 minutes each. 
The primary rabbit anti-exu antibody, used at a dilution of 1:1600 and the primary 
mouse anti-BicD antibody, used at a dilution of 1:20，both in TNBTT (50 mM Tris-CI pH 
7.5，150 mM NaCI，0.1% BSA, 0.1% Triton X-100, 0.05% thimerosal), were added to the 
ovaries and incubated at 4 °C overnight with rotation. The unbound primary antibodies were 
removed from the ovaries by washing twice with TNBTT for 5 minutes. In order to prevent 
non-specific binding of secondary antibody, 2 % normal goat serum (Antibodies 
Incorporated) in TNBTT were incubated with the ovaries for 30 minutes at room 
temperature. The ovaries were once again washed twice with TNBTT containing 1% BSA. 
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Two kinds of secondary antibody were used; the first one is a Rhodamine Red 
^-conjugated goat anti-rabbit antibody (Molecular Probe), which was used at a dilution of 
1:3600, while the second one is a Rhodamine Green-conjugated goat anti-mouse antibody 
(Molecular Probe), which was used at a dilution of 1:3600. Ovaries were then washed with 
PTW, in order to reduce nonspecific binding of the secondary antibodies to the ovaries. 
Ovaries were then mounted in fluorescent label mounting medium (0.1 M Tris-HCl, 
pH 8.0, 90 % glycerol, 2.3 % of 1,4 diazobicyclo-(2,2,2)-octane (DABCO) (w/v), 0.02 % 
sodium azide), and examined with a Zeiss Axiophot microscope using a x40 Plan-Neofluar 
objective equipped with epifluorescence optics. Fluorescence images were captured using a 
Photometrix SenSys cooled-CCD camera. The digitized images were processed with the 
imaging software MetaMorph, assembled with Photoshop (Adobe), and photographed with 
ilford-Pan 50 film using a Polaroid HR 6000 camera. 
2.3.2 Immunohistochemical distribution of tubulin 
files were used as the source of wild type flies, e x i / � h a s a amino acid 
substitution at position 339 in the exuperantia coding sequence (Arg"'^ to Ser]]^). exu' is a 
exu protein null mutant. About 20 pairs of ovaries from well-fed two-day-old files were 
dissected in PBS (8g NaCl, 0.2g KCl, 1.44g NasHPO*’ and 0.24 g KH2PO4 in 1 L of 
double-distilled water, adjusted to pH 7.4 with HCI). The ovaries were dispersed in about 50 
of PBS by pipetting up and down with a volume of 30 |nl in a microfuge tube until the 
individual ovarioles were completely dispersed. Excessive pumping was avoided to preserve 
the native morphology of the ovarioles. 
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Dispersed ovarioles were kept on ice briefly and then were washed in ice-chilled 
absolute methanol to remove PBS residue in the microfuge tube. The ovarioles were then 
fixed in 1 ml methanol (at - 20�C) for exactly 10 minutes, in which the whole fixation 
procedure was carried out at —20 °C. Gentle inversion of the microfuge tube was carried out 
at 2 minute intervals during fixation. At the end of the fixation, the ovarioles were washed by 
PBT (0.1% Triton X-100 and 0.1% Tween 20 in PBS) of two 5 minute intervals. PBSTT(1% 
BSA, 0.1% Triton X-100, 0.1% Tween 20 in PBS) was then applied as blocking agent to the 
ovarioles for one hour with rotation. 
The primary antibody (anti-P-tubulin), used at a dilution of 1:12.5 in PBSTT, was 
added to the ovaries and the ovaries were incubated at 4 °C overnight with rotation. The 
unbound primary antibodies were removed by washing the ovaries four times (each for 15 
minutes) with PBT. 
The secondary antibody, a Rhodal Green-conjugated goat anti-mouse antibody 
(Molecular Probe), was used at a dilution of 1:400 and the ovaries were incubated at room 
temperature with rotation for two hours. Ovaries were then washed with PBT of four 15 
minute intervals to reduce nonspecific binding of the secondary antibodies to the ovaries. 
Ovaries were then mounted in fluorescent label mounting medium (0.1 M Tris-HCl, 
pH 8.0, 90 % glycerol, 2.3 % of 1,4 diazobicyclo-(2,2,2)-octane (DABCO) (w/v), 0.02 % 
sodium azide), and examined with a Zeiss Axiophot microscope using a x40 Plan-Neofluar 
objective equipped with epifluorescence optics. Fluorescence images were captured using a 
Photometrix SenSys cooled-CCD camera. The digitized images were processed with the 
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imaging software MetaMorph, assembled with Photoshop (Adobe), and photographed with 
Ilford-Pan 50 film using a Polaroid HR 6000 camera. 
2.4 Preparation of total protein from the female and male flies 
Ovaries and testes were isolated by hand-dissection from two-day-old w'"^ and 
exuperantia protein null mutant, exu^c, j^ , a phosphate buffer saline (PBS) (PBS: 8g NaCl, 0.2 
g KCl, 1.44g Na2HP04 and 0.24g KH2PO4 in 1 L of double-distilled water, adjusted to pH 
7.4 with HCI). Ovaries and testes were washed with 125 mM Tris-HCI, pH 6.8 and then 
homogenized in a 2X SDS sample buffer (SB) (2X SB: 62.5 mM Tris-HCI, pH 6.8，2% SDS, 
50/0 p-mercaptoethanol, 10% glycerol, 0.005% bromophenol blue) in a ratio of one pair ovary 
of testis to 10|il of2X sample buffer. The presence of exuperantia protein was probed with 
a rabbit anti-exu antibody. The rabbit anti-exu antibody was a polyclonal antibody (Courtesy 
of P. M. Macdonald). Tthe presence of Bic-D protein was probed with a mouse anti-Bic-D 
antibody. The mouse anti-Bic-D antibody was a monoclonal antibody (Courtesy of B. 
Suter). 
2.5 Analysis of interactions between exu and /r謝-acting elements 
2.5.1 ^^S-Methionine Metabolic Labeling and Immunoprecipitation with RIPA buffer 
system 
Forty W'' '%xi/c two-day-old flies were fasted for 1.5 hr at 25 °C. The flies were 
then transferred to plastic bottles containing water saturated 3MM filter paper to prevent 
dehydration of the files. The yeast paste was prepared and contained 10 mM sucrose, and dry 
yeast pellet. The yeast paste was allowed to rise at room temperature and then heat-killed, 
and was then added with 5 |Lil/ml ^^S-Methionine (555 MBq/ml, Amersham). The radioactive 
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yeast paste was applied onto a small stack of Whatman 3MM paper, which was placed onto 
bottles containing apple juice agar at bottom. The flies were then incubated at 25 °C for 
overnight. 
After the incubation period, the flies were dissected in PBS. The ovaries/testes were 
washed and homogenized with a disposable pestle in micro-centrifuge tube containing 30 
of ice-cold RIPA buffer (150 mM NaCl, 50 mM Tris-HCl, pH 8.0，1 mM EDTA, 1 %NP-40, 
0.5 % DOC, 0.1 % SDS, 1.0 ng/ml pepstatin, 1.0 |ig/ml leupeptin, 1.0 ng/ml aprotinin, 0.28 
mM PMSF). A volume of 270 pi RIPA was used to rinse the disposable pestle. Both 
fractions were combined and the pooled fraction was then pre-spun at 8000 rpm for 5 
minutes at 4 °C. Supernatant was removed and 200 jal RIPA was added. The pellet was 
re-suspended and treated with 10 |LI1 of sodium carbonate for 30 minutes on ice and then was 
spun at 8500 rpm for 5 minutes at 4 °C. This supernatant was pooled with the former 
supernatant fraction. 
For the immunoprecipation procedure, the tissue homogenate was incubated with 6 
|il of anti-exu antibody for 2 hours at 4 °C and then with 50 of 10% Protein A-agarose 
(Calbiochem) for 90 minutes at 4 °C with agitation. After the adsorption, the 
antigen-antibody (Ag-Ab) complex was collected by centrifugation (at 5000 rpm) for 2 
minutes at 4 °C and was washed with 1 ml RIPA. The washing and centrifugation steps were 
repeated three more times. The final Ag-Ab complex was resuspended in 2X SDS sample 
buffer containing 10 mM EDTA. Samples were separated by 10% SDS-PAGE. 
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2.5.2 ^^S-Methionine Metabolic Labeling and Immunoprecipitation with Mach and 
Lehmann buffer system 
The immunopreciptiation protocol is adapted from Mach and Lehmann (1997) with 
modifications. Forty W'丨丨8/exi/c two-day-old flies were fasted for overnight at 25 °C but 
water was provided to prevent dehydration. The flies were then transferred to bottles layered 
with apple juice agar (Wieschaus and Nisslein-Volhard,丨 986) at the bottom with yeast paste 
(10 mM sucrose, dry yeast pellet, and 5 …/ml ^^S-Methionine (555 MBq/ml, Amersham)), 
which was applied onto a small stack of Whatman 3MM paper. The flies were then 
incubated at 25 °C for 60 hours. 
After the incubation period, the flies were dissected in PBS. The ovaries/testes were 
washed and homogenized with a disposable pestle in micro-centrifuge tube containing 30 \i\ 
of ice-cold buffer (50 mM Tris, pH 8.0，25 mM NaCl, 1.0 ng/ml pepstatin, 1.0 \xg/m\ 
leupeptin，1.0 ^ig/ml aprotinin, 0.28 mM PMSF). A volume of 270 …buffer was used to 
rinse the disposable pestle. Both fractions were combined and then pre-spun at 8000 rpm for 
5 minutes at 4 °C. Supernatant was removed and 200 |il buffer was added. The pellet was 
re-suspended and treated with 10 JLII of sodium carbonate for 30 minutes on ice and then was 
spun at 8500 rpm for 5 minutes at 4 � C . This supernatant was pooled with the former 
supernatant fraction. Ten percent NP-40 was added to the supernatant to a final 
concentration of 1 %. 
Then the tissue homogenate was incubated with 6 jul of rabbit anti-exu antibody or 
equivalent volume of normal rabbit serum for 2 hours at 4 °C and then with 50 |il of 10% 
Protein A-agarose (Calbiochem) for 90 minutes at 4 °C with agitation. After the adsorption, 
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the antigen-antibody (Ag-Ab) complex was collected by centrifugation at 4 °C (at 5000 rpm) 
and was washed with 1 ml buffer. The washing and centrifugation steps were repeated three 
more times. The final Ag-Ab complex was resuspended in 2X SDS sample buffer containing 
10 mM EDTA. Samples were separated by 10% SDS-PAGE. 
2.6 Co-immunoprecipitation of exu and Bic-D protein 
2.6.1 Co-immunoprecipitation of exu and Bic-D protein synthesized by in vitro coupled 
transcription and translation system in modified Mach and Lehmann buffer system 
The immunopreciptiation protocol is adapted from Mach and Lehmann (1997) with 
modifications. ^^S-Labeled proteins were synthesized in a coupled in vitro 
transcription-translation system using rabbit reticulocyte lysate (Promega Corporation) in the 
presence methionine. 5 \i\ of^^S-labeled in vitro translated exu was mixed with 15 … 
35S-labeled in vitro translated BicD in 300 …of buffer (50 mM Tris, pH 8.0, 25 mM NaCI, 
1.0 fig/ml pepstatin, 1.0 ^ig/ml leupeptin，1.0 |ig/ml aprotinin, 0.28 mM PMSF) and 
incubated at 4 °C for 1 hour. Ten percent NP-40 was added to the mixture to a final 
concentration of 1 %. 
3 |Lil of anti-exu antibody was added and the mixture was incubated at 4 °C for 2 
hours. A volume of 40 i^l of 10% Protein A-agarose (Calbiochem) was added and mixed for 
90 minutes at 4 °C with agitation. After the adsorption, the protein complexes immobilized 
on Protein A-agarose were collected by centrifugation at 4 °C and then were washed with 1 
ml buffer; this process was repeated three times. After the washes, the samples were 
44 
suspended in 2X SDS sample buffer. Samples were loaded and analyzed by 10% 
SDS-PAGE. ^^S-labeled proteins were visualized by radiography. 
2.7 in vivo ovary extract co-immunoprecipitation 
2.7.1 in vivo ovary extract coimmunoprecipitation of exu and Bic-D protein in modified 
Mach and Lehmann buffer system supplemented with recombinant exu protein 
The immunoprecipitation protocol is adapted from Mach and Lehmann (1997) with 
modifications. Forty W"丨8 well-fed two-day-old flies were dissected and ovaries were 
isolated in PBS (8g NaCl, 0.2g KCl, 1.44 g NasHPO*, and 0.24 g KH2PO4 in 1 L of 
double-distilled water, adjusted to pH 7.4 with HCl). The ovaries were washed and 
homogenized with a disposable pestle in micro-centrifuge tube containing 30 |iL of ice-cold 
buffer (50 mM Tris, pH 8.0, 25 mM NaCi, 1.0 ^ig/ml pepstatin, 1.0 ng/ml leupeptin, 1.0 
|ig/ml aprotinin, 0.28 mM PMSF). A volume of 470 buffer was used to rinse the 
disposable pestle. 
The homogenate was sonicated on ice 3 times for 3 bursts for 10 sec each and was 
then pre-spun at 8000 rpm for 5 minutes at 4 °C. Supernatant was removed and ten percent 
NP-40 was added to a final concentration of 1 %. A serial dilution of recombinant exu protein 
(0.25，0.5, 1.0 and 2.0 |ig/|xl) were supplemented to the extract prior the addition of rabbit 
anti-exu and rabbit normal serum. Then the tissue homogenate was incubated with 6 of 
rabbit anti-exu antibody or equivalent volume of normal rabbit serum for 2 hours at 4 °C and 
then with 50 pi of 10% Protein A-agarose (Calbiochem) for 90 minutes at 4 °C with 
agitation. After the adsorption, the antigen-antibody (Ag-Ab) complex was collected by 
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centrifugation at 4 °C and was washed with 1 ml buffer. The washing and centrifugation 
steps were repeated three more times. 
The final Ag-Ab complex was resuspended in 2X SDS sample buffer containing 10 
mM EDTA. Samples were separated by 10% SDS-PAGE and then blotted onto a 
nitrocellulose membrane using a semi-dry blotter. The protein bands on the nitrocellulose 
membrane were visualized by chemiluminescence, using SuperSigna 丨 ULTRA 
Chemiluminescent Substrate (Pierce) according to manufacturer's instructions. 
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Chapter 3 Results 
3.1 Analysis of co-localization of exu and BicD protein by double 
immuno-fluorescence staining on flies 
BicD protein has previously been shown to localize during oogenesis (Suter et. al, 
1989), and the exu protein is the earliest factor known to be required for the localization of 
bicoid RNA to the anterior pole of the Drosophila oocyte (Wilsch-Brauninger et. al 1997). 
The close approximation in localization of the exu and BicD in a physiological complex 
suggests that there may be an interaction between exu and BicD. Double 
immuno-fluorescence staining of exu protein and Bic-D protein on chambers was 
carried out to test if such localization could be observed under cellular level on developing 
oocytes. 
Indirect immuno-fluorescence staining analysis of exu protein and Bic-D protein is 
shown in Figures 3.1. Panels A, C, E are different stages of wild type {w'"^) egg chambers 
showing exuperantia protein distribution, while B, D, F are the same corresponding oocytes 
as of A, C, E, showing the distribution of Bic-D protein. In Figure 3.1’ strong signals were 
obtained from the double-labeling immuno-staining routine. This indicates that the presence 
of two different primary antibodies did not interfere with the epitope recognition of the 
targeted proteins (exu and Bic-D protein). 
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In panels A, C, and E, it was observed that the exu protein was evenly distributed in 
the nurse cell cytoplasm with the punctate structure at the margin of the nurse cell. The 
punctate structure may represent the ribonucleoprotein (RNP) particles as suggested by 
Wang and Hazelrigg, (1994). In addition, exu protein seemed to localize at the posterior 
margin of the developing oocyte (Panel C and E). Interestingly, similar distribution of Bic-D 
protein was also observed at the developing oocytes in Panel D and F. In addition, as 
observed in Panel A, the localization of exuperantia protein was dominant at the two anterior 
corners of the oocyte. Similar localization of Bic-D protein was also observed for the same 
egg chamber. On the other hand, the signal for Bic-D protein in the nurse cell is not as strong 
as that for exu. Nevertheless, the signal of the oocyte from double immuno-fluroscence 
staining of exuperantia protein and Bic-D protein showed that there is a high degree of 
similarity in temporal and spatial distribution for both types of protein. 
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Figure 3.1 Analysis of temporal and spatial distribution of exu and BicD protein in 
wild type ovaries by double immuno- fluorescence staining. 
Ovaries from were fixed and stained with anti-exu (panel A, C, and E) and anti-BicD 
(panel B, D, F) antibodies, respectively. Colocalization of exu and BicD in wild type 
ovarioles. Panel A and B: mid-oogenesis; Panel C, D, E and F: early oogenesis. 
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3.2 Analysis of co-localization of exu protein and P-tubulin protein by double 
immuno-fluorescence staining on w'"^ flies 
The localization of bicoid requires an intact microtubule skeleton (Pokrywka and 
Stephenson, 1991; Pokrywka and Stephenson, 1995). In addition, mutations in three 
maternal effect genes {exuperantia, swallow, and staufen) affect the different stages of bicoid 
localization, of which the earliest differences of bicoid mRNA localization from the wild 
type are observed in the exu mutants (Frohnhofer and Nusslein-Volhard, 1987; Stephenson et. 
fl/., 1988; St. Johnston et. al., 1989). The wild type products of these genes, and the 
microtubules, are therefore good candidates for components of the localization machinery 
(Micklem, 1995). It would therefore be informative in understanding the localization 
machinery to test if there is interaction between exu protein and microtubule. 
Indirect immuno-fluorescence staining analysis of exu protein and p-tubulin is 
shown in Figures 3.2. Panels A and B, C and D, and E and F are different stages of wild type 
egg chambers. The egg chambers were double immuno-fluorescence labeled with P- tubulin 
protein and exu protein, and were shown as Panels A, C and E, and Panels B, D and F, 
respectively. Strong indirect immuno-fluorescence signals of p-tubulin protein and exu 
protein were obtained from the egg chambers. 
In Panel B, localization of exu protein at the anterior cortex of the developing oocyte 
was observed. Corresponding, in Panel A, the localization of P-tubulin was observed. 
P-tubulin was clearly demonstrated to surround the nucleus in the oocyte. Signal of p-tubulin 
suggested that the cytoskeleton extends from the nucleus in a thread like form and reaches 
most of the space of the developing oocyte. Panels C and D, and E and F, show that both exu 
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and p-tubulin shared a similar temporal and spatial distribution in the developing oocyte, 
especially at the posterior edge of the developing oocyte. 
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Figure 3.2: Analysis of temporal and spatial distribution of exu and P-tubulin 
protein in wild type v/"* ovaries. 
Ovaries from w'"^ were fixed and stained with anti-exu (panel A, C, and E) and 
anti-p-tubulin (panel B, D, F) antibodies, respectively. Colocalization of exu and 
anti-p-tubulin in wild type ovarioles. Panel A and B: mid-oogenesis; Panel C, D, E and F: 
early oogenesis. 
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3.3 Analysis of co-localization of exu and BicD protein by double 
immuno-fluorescence staining on Bic-D mutants 
Since co-localization ofexu and Bic-D protein was observed in wild type oocytes, as 
shown in Figure 3.1，the next step is to investigate if such cellular co-localization is also 
present in Bic-D mutants. To answer this question, the Bic-D mutants of PA66 alleles and 
R26 alleles were used to test whether the localization of exu protein in the oocyte is affected 
by mutation in Bic-D gene. 
The Bic-D^^^ and Bic-D隱 mutations result in the same 16 polyploid nurse cell 
phenotype (SchUpbach and Wieschaus, 1991; Mohler and Wieschaus, 1986). in Bic-D隱 
ovaries, Bic-D protein does not accumulate in a pro-oocyte or oocyte as the wild type protein 
does; instead, the Bic-D protein is uniformly distributed. In Bic-D^^^ ovaries, the mutant 
protein accumulates strongly in 1 cystocyte (Suter and Steward, 1991). 
The indirect double immuno-fluorescence staining of exu protein (Panels C and E) 
and Bic-D protein (Panels D and F) on B i c - D ^ egg chambers are shown in Figure 3.3.1. 
The egg chambers were in previtellogenic stages. In Figure 3.3.1, the B k - D ^ mutants 
produced a same 16 nurse cell phenotype — no oocyte was being developed. The Bic-D 
protein localized in one of the cystocytes as indicated by arrows in Panels D and F. However, 
in the corresponding cystocyte, low level of exu protein seemed to be localized but in a level 
barely higher that from background signal, as compared with anit-exu staining of wild type 
shown in Panel A. In later stages (Panels C and D), although Bic-D protein was still 
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localized in a cystocyte, but the localization of exu protein on the corresponding cystocytes 
were not observed. 
In Figure 3.3.2, the indirect double immuno-fluorescence staining of exu protein 
(Panels A and C) and Bic-D protein (Panels B and D) on Bic-D隱 egg chambers were 
shown. Since the mutants adopted a 16 nurse cell phenotype, all egg chambers shown in 
were assumed to be in previtellogenic stages in panels A and B, whereas the egg chambers 
were supposedly to be in previtellogenic and vitellogenic stages in panels C and D. As 
shown by Suter and Steward (1991), Bic-D protein does not accumulate in a pro-oocyte or 
oocyte in Bic-D隱 ovaries and only 16 nurse cell phenotype were observed. Only 
background staining was obtained for anti-exu immuno-fluorescence staining in Panels A 
and C, suggesting that there was no localization of the exu protein in the Bic-DP摘 mutants. 
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Figure 3.3.1 Analysis of co-localization of exu and BicD protein by double 
immuno-fluorescence staining on and Bic-D^^^ mutants 
Ovaries from wild type {w'"^) (Panels A and B) and Bic-O'^ ^^ mutants (Panels C to F) were 
fixed and double-stained with anti-exu antibodies and anti-Bic-D antibodies. Panels A, C 
and E: egg chambers were stained with anti-exu protein antibodies. Panels B, D and F: egg 
« 
chambers were stained with anti-Bic-D protein antibodies. The egg chambers were in 
previtellogenic stages. Arrows in panels D and F indicate the localization of Bic-D protein in 
the cystocytes in the Bic_D腿 mutants. 
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Figure 3.3.2 Analysis of co-localization of exu and BicD protein by double 
immuno-fluorescence staining on Bic-D''^ ^^ mutants 
Ovaries from Bic-lf 鳩 mutants were fixed and double-stained with anti-exu antibodies and 
anti-Bic-D antibodies. Panels A and C: egg chambers were stained with anti-exu protein 
t 
antibodies. Panels B and D: egg chambers were stained with anti-Bic-D protein antibodies. 
The egg chambers were assumedly in previtellogenic stages in Panels A and D, while in 
previtellogenic and vitellogenic stages in Panels B and D. 
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3.4 Co-immunoprecipitation of exu and Bic-D protein synthesized by in vitro 
coupled transcription and translation system 
The interaction between exu and Bic-D protein was observed in the biological 
cellular 丨eve丨 as shown in the co-localization of these two protein in the wild type oocytes 
(Figure 3.1). In order to investigate the interaction between the exu and BicD protein at the 
protein molecular level, the exu and BicD protein synthesized from the TNT® coupled 
reticulocyte lysate system (Promega) were tested in the immunoprecipitation with the usage 
of rabbit polyclonal anti-exu antibody. The mode of interaction can be partially answered by 
this experiment on whether the interaction between exu and BicD is direct or indirect. The 
presence of BicD in the immunoprecipitated complex will lead to a speculation that there 
exists a direct biochemical interaction between exu and BicD. Otherwise, either the 
interaction of exu and BicD does not exist or the interaction is indirect and requires some 
other components to mediate. With that as the primary objective, we are also set to determine 
whether the interaction between exu and BicD is specific or not, so four ascending NaCl 
concentrations (25 mM, 50 mM, 100 mM and 150 mM) of Mach and Lehmann (1997) buffer 
were adopted in the assay. RIPA buffer was also included as an alternative buffer system. 
In Figure 3.4, lane 1 is the in vitro coupled transcribed and translated exu protein, 
while lane 7 is the in vitro coupled transcribed and translated exu protein; both lanes served 
as positive control. The calculated molecular mass of exuperantia protein is 57981 daltons, 
while the predicted Bic-D protein has a molecular mass of 89 kD (Suter et. al, 1989). 
Although there are other minor bands in lane 1 and lane 2, the major bands representing exu 
protein and Bic-D protein migrated at the correct molecular mass, and their relevant positions 
in the SDS-PAGE gel electrophoresis are pointed with arrows, in the right side of the figure. 
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Sicne exu protein was shown to be posttranslationally modified by phosphorylation and can 
be dephosphorylated by serine/threonine phosphatases (Cheung, M. Phil. Thesis, 1997)，the 
large smear that appeared in lane 1 may reflect that the presence of immunoprecipitated exu 
protein isoforms and it was the signal from these exu protein isoforms causing the smear-like 
signal appearance. On the other hand, since it was shown that the function of the Bic-D 
protein is regulated by phosphorylation (Suter and Steward, 1991), the major doublet showed 
in lanes 8 - 12 in the autoradiogram, regarding on the Bic-D protein immunoprecipitation, 
may reflect the isoforms of the Bic-D protein, as transcribed and translated by the in vitro 
coupling system. 
Lanes 2 - 5 showed the immunoprecipitation of exu protein using rabbit polyclonal 
anti-exu antibodies while lanes 8 - 1 2 show the immunoprecipitation of BicD protein using 
mouse monoclonal anti-BicD antibodies (a kind gift from Dr. B. Suter). Lanes 1 3 - 1 7 show 
the coimmunoprecipitation of exu and BicD proteins using rabbit polyclonal anti-exu 
antibodies. The BicD bands of similar intensity were observed in lanes 14 to 17，even in the 
increasing NaCl concentration conditions. However, the BicD band was absent in lane 13, in 
which the RIPA buffer was used. 
From the experimental result, it was observed that exu and BicD 
co-immunoprecipitated and the interaction seems to be genuine and specific because the 
interaction did not diminish despite of the increasing stringency by increasing salt 
concentration in the modified Mach and Lehmann buffer system; such interaction between 
exu protein and BicD did not occur as in the higher stringency buffer, namely RIPA buffer. 
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Figure 3.4 Coimmunoprecipitation of m vitro translated exu and BicD 
Coimmunoprecipitation of in vitro translated exu and BicD. Lane 1, in vitro translated exu. 
Lane 2, immunoprecipitated in vitro translated exu by rabbit polyclonal anti-exu antibody 
with RIPA buffer. Lanes 3-6, immunoprecipitated in vitro translated exu by rabbit 
polyclonal anti-exu antibody with the modified Mach and Lehmann buffer with 25, 50, 100 
I 
and 150 mM NaCl respectively. Lane 7，in vitro translated BicD. Lane 8， 
immunoprecipitated in vitro translated BicD by mouse monoclonal anti-BicD antibody with 
RIPA buffer. Lane 9-12, immunoprecipitated in vitro translated BicD by mouse monoclonal 
anti-BicD with the modified Mach and Lehmann buffer with 25, 50, 100 and 150 mM NaCI 
respectively. Lane 13, coimmunoprecipitation of in vitro translated exu and BicD by rabbit 
polyclonal anti-exu antibody with RIPA buffer. Lane 14-17, coimmunoprecipitation of in 
vitro translated exu and BicD by rabbit polyclonal anti-exu antibody with the modified Mach 
and Lehmann buffer with 25, 50, 100 and 150 mM NaCl respectively. 
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3.5 35s_Methionine metabolic labeling and co-immunoprecipitation of exu and 
Bic-D protein with RIPA buffer system 
Under in vitro experimental conditions, exu protein and Bic-D protein was found to 
be co-immunoprecipitated together, as shown in Figure 3.4. The next logical step in the 
investigation of such interaction is to test if the same would be observed under the in vivo 
suitations. 
Ovaries and testes from the ^^S-methionine fed wild type and exvT were either 
homogenized or immunopreciptated with rabbit anti-exu antibody. Both and exu'' flies 
were used in the analysis, in which served as the source of wild type while being 
a exu protein null mutant, worked as a negative control. Flies were fed with ^'S-methionine 
to increase the detection sensitivity. The investigation on possible /ra/w-acting elements of 
exu was determined by incubating whole ovary/testis extract from flies with rabbit anti-exu 
antibody and then the extract was subjected to immunoprecipitation. Thw^s-acting elements 
shouW be bound to exu and hence would be isolated along with the immunoprecipitation 
complex while other non-related and unbound components in the whole extract would be 
removed during the washing process in the immunoprecititaion. 
The autoradiogram in Figure 3.5 showed that the labelling efficiency of the total 
endogenous protein pool was at an acceptable level as in lanes 1-4. Some signals were 
retained after the immunoprecipitation process, yet the signals did not allow distinguishing 
any variances among the radio-labelling profiles for the fly strains. No novel band was 
identified either between the band profiles of male w丨丨丨^ and exu'' flies or between the band 
profiles of female w'"^ and exu记 flies. 
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Figure 3.5 ^VMethionine Metabolic Labeling and Immunoprecipitation of w�容 and 
exi/‘ with RIPA buffer. 
35S-labeled proteins were visualized by autoradiography. Lanes 1 and 2: the whole 
ovary and testis extract from w'丨丨岔 females and males respectively. Lanes 3 and 4: the whole 
ovary and testis extract from exif females and males respectively. Lanes 5 and 6: 
immunoprecipitation with rabbit anti-exu antibody of the whole ovary and testis extract from 
j I j 8 
w females and males respectively. Lanes 7 and 8: immunoprecipitation with rabbit 
anti-exu antibody of the whole ovary extract and testis extract from exi/c females and males 
respectively. 
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3.6 35s_Methionine Metabolic Labeling and Immunoprecipitation of exu and 
Bic-D protein with Mach and Lehmann buffer system 
Since the experimental results obtained from the RIPA buffer system did not yield a 
favorable observation, the experiment was carried out by using Mach and Lehmann buffer 
system. Ovaries from the ^^S-methionine fed w'"^ (wild type) and exu'^ were analyzed by 
SDS-PAGE, as shown in Figure 3.6. The whole ovary extracts of (wild type) and exu'" 
were in lanes 1 and lane 2, respectively. The extent of radiolabelling for these two samples 
were shown to be intensive and the resulting lanes were essential shown as two long smears 
and the bands were not distinguishable within the smears in the radiogram in lanes 1 and 2. 
This also indicated that labeling efficiency of the total endogenous protein pool was high for 
both strains of flies and the reduction of signals on lanes 3 to 4 were due to the 
immuno-precipitation process. Nevertheless, substantial signals were retained after the 
immuno-precipitation process. Lanes 3 and 4 were the immunoprecipitation of the whole 
extract from w'' '8 females with rabbit anti-exu antibody and rabbit normal serum 
respectively. While lanes 5 and 6 were the immunoprecipitation of the whole ovary extract 
from exu females with rabbit anti-exu antibody and rabbit normal serum respectively. In 
comparing the bands between lanes 3 {w'"^) and 5 Oxw賞)，the profile of the bands are 
similar, except that the signal of lane 5 was stronger than that of land 3, merely suggesting 
that the amount of protein sample was higher in lane 5 than in lane 3. For lane 4 and lane 6, 
total ovary extract from and exu^^ females were immunoprecipitated with rabbit normal 
serum. The signals in lanes 4 and lane 6 indicated that non-specific protein binding to the 
Protein A - agarose had occurred. 
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Figure 3.6 ^''S-Methionine Metabolic Labeling and Immunoprecipitation of w⑴杉 and 
exi/' by Mach and Lehmann buffer system 
35S-labeled proteins were analyzed by SDS-PAGE and were visualized by autoradiography. 
Lanes 1 and 2: the whole ovary extract from w川召 and exi/ ' females respectively. Lanes 3 
and 4: immunoprecipitation of the whole ovary extract from w川各 females with rabbit 
anti-exu antibody and rabbit normal serum respectively. Lane 5 and 6: immunoprecipitation 
of the whole ovary extract from exu'' females with rabbit anti-exu antibody and rabbit normal 
serum respectively. 
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3.7 in vivo ovary extract coimmunoprecipitation of exu and Bic-D protein in 
modified Mach and Lehmann buffer system supplemented with recombinant 
exu protein 
Despite the use of two different buffer systems, no favorable experimental results 
were conveyed from either of the in vivo ^^S-Methionine metabolic labeling experiments. 
Hence，a supplement of recombinant exu protein was added to increase the total amount of 
exu protein (recombinant and endogeneous). 
The in vivo ovary extract coimmunoprecipitation in modified Mach and Lehmann 
buffer system, supplemented with recombinant exu protein in various dilutions is shown in 
Figure 3.7. In the left panel, the nitrocellulose was incubated with rabbit anit-exu antibodies 
while in the right panel, the duplicated nitrocellulose (duplicated protein sample loading 
sequence) was incubated with mouse anti-BicD antibodies. In both panels, for the first four 
lanes (that is lanes 1 to 4 on the left panel), the rabbit anti-exu antibodies were used in the 
immunoprecipitation, while for the next four lanes (this is lanes 5 to 8 for the left panel), the 
rabbit normal serum was used in the immunoprecipitation. 
For the left panel, in which the nitrocellulose was incubated against rabbit anti-exu 
antibodies, the intensity of the recombinant exu protein bands 87 kDa) decreased as the 
concentration decreased (from 2.0 to 0.25 in lanes 1 to 4, while the intensity of the 
endogenous exu protein bands (-65 kDa) were not affected by the addition of recombinant 
exu protein and were remained fairly constant. From lanes 5 to 8, only the smears resulted 
from the rabbit antibodies in the normal rabbit serum were detected. For the right panel, 
BicD protein band was not detected in either anti-exu antibody or normal rabbit serum 
immunoprecipitation, along with various recombinant exu protein supplements. 
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Figure 3.7 in vivo ovary extract coimmunoprecipitation with modified Mach and 
Lehmann buffer system supplemented with recombinant exu protein 
(Left) Nitrocellulose membrane was incubated with rabbit anti-exu antibody and the protein 
bands were visualized by chemiluminescence. For lane 1 - 4, immunoprecipitation was 
carried out by using rabbit anti-exu antibodies. For lane 5 _ 8, immunoprecitpitation was 
carried out by using rabbit normal serum. (Right) Nitrocellulose membrane was incubated 
with mouse anti-BicD antibody and the protein bands were visualized by chemiluminescence. 
For lane 1 - 4, immunoprecipitation was carried out by using rabbit anti-exu antibodies. For 
lane 5 - 8，immunoprecitpitation was carried out by using rabbit normal serum. 
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Chapter 4 Discussion 
4.1 Analysis of co-localization of exu protein and other intracellular elements by 
indirect double immunofluorescence staining detection 
Anterior-posterior patterning of the segmented region of the embryo depends on the 
localization of two maternal rtiRNAs, bicoid (bed) at the anterior pole and nemos (nos) at the 
posterior pole, that serve as localized sources for protein gradients that regulate transcription 
(bed) or translation {nos) of target genes in early embryogenesis (Ray and Schupbach, 1996). 
Translation control depends on the binding of tram-acling factors to sequences in the 3, 
untranslated region (3, UTR). Identification of these trans-acimg factors begins to shed light 
on the molecular mechanisms that mediated translational control (Seydoux, 1996). 
Substantial progress has also been reported in the identification and characterization of the 
c/5-acting elements and / ra� -ac t ing factors that mediate translational regulation and their 
interactions with one another (Macdonald and Smibert, 1996). The anterior determinant 
bicoid (bed) of Drosophila is a homeodomain protein. It forms an anterior-to-posterior 
gradient in the embryo and activates, in a concentration-dependent manner, several zygotic 
segmentation genes during blastoderm formation (Rivera-Pomar et al, 1996). 
Anterior-posterior polarity of Drosophila oocyte is defined by the localization of 
cytoplasmic determinants, bicoid {bed) and nanos {nos) maternal mRNAs, to the opposite 
poles within the oocyte (Grunert and St. Johnston, 1996; St. Johnston and Nusslein-Volhard, 
1992). Prelocalization and translation of bed mRNA at the anterior pole of the developing 
oocyte leads to the formation of the bicoid protein concentration gradient from the anterior 
towards the posterior (Macdonald et a!, 1991; Frigerio et al 1986; Berleth et a“ 1988; 
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Micklem，1995; Driever and Nusslein-Volhard, 1988). Nevertheless, translation control 
depends on the binding of 聽-act ing factors to sequences in the 3, untranslated region (3, 
UTR) (Seydoux, 1996). In exuperantia, swallow and staufen mutants, the localization of bed 
mRNA to the anterior cortex of the oocyte during oogenesis are disrupted. The 
mislocalization leads to an almost homogeneous (exuparentia), to a shallow gradient 
(swallow), or to a steep anterior gradient {staufen) of bed mRNA in the embryo. Hence, 
mutations in these three maternal genes {exuperantia^ swallow, and staufen) affect the 
localization oi bicoid at different stages while the exuperantia {exu) gene acts earliest in the 
pathway (Micklem, 1995; Frohnhofer and Nusslein-Volhard, 1987; Stephenson et. al.’ 1988; 
St. Johnston et. al., 1989). Thus, identification and characterization of the acting 
elements and /ram-acting factors and their interactions with one another will yield an 
understanding on the molecular mechanisms that mediate translational control. 
An electron dense intracellular structure, termed sponge body, is identified in the 
cytoplasm. By immunogold labeling of exu protein, it is shown that exu is highly enriched in 
this structure. The elongated elements of the sponge bodies are formed by ER-liked cisternae 
or small vesicles interspersed between an electron-dense, amorphous material 
(Wilsch-Brauninger et. al 1997). Interestingly, Bicaudal D protein (BicD) is also associated 
with the sponge-bodies, in particular around the nurse cell nuclei (Brauninger et. al 19%). 
In addition, an electron dense structure, called the nuage, is surrounded by sponge body. 
Vasa protein (a factor of the posterior system) is present in the nuage at the nuclear 
membrane of the nurse cells and in the polar granules at the posterior pole of the oocyte (Hay 
et. fl/.�1988，b; Liang et. al., 1994). 
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Pokrywka and Stephenson (1994) showed that both bed mRNA and exu protein were 
associated with microtubules. By cellular fractionation, both bed mRNA and exu protein 
were found to be associated with detergent-insoluble fraction and association could be 
released by microtubule-destabilization. However, the evidence showing a direct association 
of exu protein and microtubules is lacking. Polarization of the cytoskeletion in the early 
oocyte-nurse cell is a complex phenomenon. In stage 1-6, the oocyte-nurse cell syncytium is 
filled with a microtubule network that is dominated by a prominent microtubule-orgainzing 
center (MTOC). In stage 1 oocytes, this structure is sited near the ring canals at the anterior 
pole of the oocyte, of which microtubules from this MTOC extend through the ring canals 
into the nurse cells. While during stages 2-6, the MTOC locates at the posterior pole of the 
oocyte with microtubules extending through the ring canal into the nurse cells. In region 
2b-3 cysts, the MTOC noticeably lies within the future oocyte (Cooley and Theurkauf, 
1994). Double label immunofluorescence analyses illustrates that microtubules extend from 
this MTOC, through the ring canals, and into the nurse cells (Theurkauf et. al.’ 1993). The 
germline microtubule cytoskeleton appears to play a critical part in oocyte differentiation 
(Therukauf 1993). Therefore, the functional requirement for microtubules in oocyte 
differentiation is temporally correlated with the morphological differentiation of the 
pro-oocyte from the pro-nurse cells (Cooley and Therukauf, 1994). 
During stages 7-8, dramatic changes in microtubule organization in the oocyte occur. 
A decrease in microtubule density at the posterior pole of the oocyte is observed, while 
accumulation of microtubules at the anterior cortex of the oocyte occurs. These microtubules 
are initially concentrated at the anterior margin of the oocyte — a site where the oocyte, nurse 
cells, and follicle cells meet. Concurrently, microtubules begin to associate with the anterior 
76 
cortex of the oocyte. On the other hand, in stage 8 oocyte, microtubules begin to extend from 
one side of the oocyte and to surround the centrally located nucleus. Soon after the nucleus 
being moved to the dorsal surface, it is surrounded by cage-shape-like microtubules. Later as 
the oocyte reaches stages 9-10a, a broader anterior-to-posterior cortical gradient develops. 
During stage 10b-12 of the oocyte development, subcortical microtubules are found under 
most of the surface. After maturation, the subcortical microtubules are replaced with short, 
randomly oriented filaments (Theurkauf al., 1992). 
To identify whether the spatial and temporal distribution of exu protein and BicD 
protein are similar, egg chambers were isolated from the wild type files and were analyzed by 
immuno-fluorescent staining using an anti-exu and anti-BicD antibodies. BicD antibody is a 
kind gift from Dr. Suter. Similarly, the distribution of exu protein and P-tubulin were 
investigated with double immuno-fluorescent staining by applying anti-exu and 
anti-p-tubulin to the oocyte. The basic technique utilizes an antibody that has been raised in a 
particular species (usually mouse or rabbit) against the protein of interest. This primary 
antibody is then applied to identify the endogenous location of the protein. Specimens that 
have been fixed and had non-specific binding sites preblocked are incubated, usually at an 
overnight period, with the primary antibody; while excess antibody is then washed off and 
the embryos are incubated with a second antibody, termed the secondary antibody, which is 
usually raised in a goat or sheep, that will recognize a particular class of immunoglobulin. 
For indirect immuno-fluorescent staining, the secondary antibody is conjugated to a 
fluorescent substance; the fluorescent preparations are best visualized using confocal 
microscopy (Macdonald, 1999). 
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As shown in Figure 3.1, the double immuno-fluorescent staining showed that both 
exu and BicD proteins were having similar partial and spatial distribution in the oocytes at 
various stages. However, such visual observation merely suggests that exu and BicD protein 
are in close association within the oocytes and whether there is biochemical association 
remained to be investigated. Similar partial and spatial distribution in the oocytes at various 
stages was also observed for exu protein and (3-tubulin, as shown in Figure 3.2. Although 
such observation did not strongly support a direct association of exu protein and 
microtubules, it provides nevertheless another evidence that there may be a possibility that 
the direct association of exu protein and microtubules exists. 
4.2 Analysis of co-localization of exu and BicD protein by double 
immuno-fluorescence staining on Bic-D mutants 
The R26 allele was isolated as a revertant of a dominant Bic-D allele (Mohler and 
Wieschaus, 1986)，and contains two mutations. The recessive loss-of function phenotype of 
Bic-D腹 is caused by an in-frame deletion of 12 nucleotides generating a mutant that lacks 
amino acids Val-376 to Leu-379 (Wharton and Struhl, 1989; Suter and Steward, 1991). The 
mutation affects a heptad repeat domain that is thought to be involved in coiled coil 
formation (Suter et. al., 1989; Wharton and Struhl, 1989). Bic-D應 might be defective in 
protein-protein interaction (Suter and Steward, 1991). 
In the recessive loss-of-function allele, Bic-D隱,codon 40 is changed from GCC to 
GTC, leading to an Ala to Val substitution in the Ser/Ala rich sequence SSASAQSA-40 of 
the Bic-D protein (Suter and Steward, 1991). Similar Ser/Ala-rich regions in paramyosin and 
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myosin heavy chain are thought to serve as phosphorylation motifs (Schriefer and Waterston, 
1989). 
The Bic-D應and Bi'c-DP細 mutations result in the same 16 nurse cell phenotype. In 
Bic-D'偏 mutants, Bic-D protein does not accumulate in a pro-oocyte or oocyte as the wild 
type protein does; instead, the Bic-D protein is uniformly distributed. In ^/c-Z)^^'^ mutants, 
the protein accumulates strongly in 1 cystocyte (Suter and Steward, 1991). In Figure 3.3.1, 
although no oocyte was being developed, the Bic-D protein still localized in one of the 
cystocytes in Bic-O'^^^ egg chambers, but the localization of exu protein was barely 
distinguishable from the background staining, as compared with the exu protein signal in 
wild type, as shown in Panel A of Figure 3.3.1. On the other hand, in Wc-D隱 egg 
chambers, only background staining was observed for anti-exu immuno-fluorescence 
staining, suggesting that there was no localization of the exu protein in the WC-DP偏 
mutants. Two suggestions might have come forth from the experiment results: the 
localization of exu protein in oocytes is dependent on the localization of Bic-D protein, and 
the modification or absence of Bic-D protein will disrupt the colocalization of exu protein 
and Bic-D protein. 
4.3 Co-immunoprecipitation of exu and BicD protein synthesized by in vitro 
coupled transcription and translation system 
From the double-labeled immuno-fluorescent staining of exu and BicD proteins in 
wild type ovaries, it was observed that the distribution of exu protein and BicD protein in the 
wild type ovaries are similar, as shown in Figure 3.1. Interestingly, an electron dense 
subcellular structure, termed sponge body, in nurse cells and oocytes is identified, in which, 
by immunogold labeling, exu is localized. Furthermore, BicD and Vasa protein are also 
79 
associated with the sponge-bodies (Wilcsch-Brauninger et al, 1997). In addition, the 
experimental result from Nusslein-Volhard's research group showed that exu, BicD and 
Vasa protein (a factor of the posterior system) were found to be associated with a sponge-like 
structure within the cells of the female germline by immuno-electronmicroscopy. Those two 
observations lead to the investigation of candidacy of BicD as one of the valid /raw^-acting 
elements of exu by testing whether BicD interacts biochemically with exu in vitro. In 
addition, as to address weather there is a direct association of exu protein and Bic-D protein 
despite the visual observation that exu and BicD protein were in close approximation within 
the oocytes, co-immunoprecipitation of exu and BicD protein synthesized by in vitro coupled 
transcription and translation system were carried out. 
Both proteins were synthesized by a TNT® Quick Coupled Reticulocyte Lysate 
System (Promega Corporation). The exu and BicD proteins were incubated as a mixture and 
then exu was subjected to immunoprecipitation - if direct interaction occurred, BicD would 
bind to the immunoprecipitation complex, otherwise, the unbound BicD would be washed 
away in the subsequent immunoprecipitation process. The immunoprecipitated complex was 
then analyzed for any associated BicD by western blot analysis. If both exu and BicD 
proteins co-immunoprecipitate, then it will suggest a biochemical evidence that they do 
interact in vitro; yet, if no BicD is observed in the immunoprecipitated complex, this can lead 
to two possibilities: one is that BicD does not interact with exu, which is believed otherwise 
because exu and BicD were found in the physiological complex termed sponge body 
identified by Nuesslein-Volhard's research group. The other possibility is that exu and BicD 
do not interact directly but rather indirectly. The interaction between exu and BicD may be 
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mediated through some other components, which are presently not all identified, in the 
sponge body structure. 
From the experimental result, as shown in Figure 3.4, we observed that exu and BicD 
coimmunoprecipitated in vitro. This positive result led us to believe that it is a biochemical 
evidence that the exu and BicD proteins interact directly. The buffer conditions are critical to 
the success of the experiment - several buffer conditions were tried out by varying the salt 
concentration and stringency of the buffer system. RIPA buffer was first used as the buffer 
system for the coimmunoprecipitation, but its high stringency did not allow the insistence of 
exu-BicD complex; as shown in lane 13 in Figure 3.5, BicD signal was absent in lane 13. We 
attempted to optimize the RIPA buffer by varying the salt and detergent concentration but no 
productive yield came forth (data not shown). Nonetheless, BicD protein 
immunoprecipitated with exu protein with rabbit polyclonal anti-exu antibody in modified 
immunoprecipitation procedure as described by Mach and Lehmann (1997). It is noteworthy 
that the interaction of exu and BicD did not diminish despite of the increasing salt 
concentration (25mM to l50mM NaCl) of the buffer system, as shown in the Figure 3.5 from 
lanes 14-17, for the intensity of the BicD bands were more or less the same throughout the 
lanes. Thus, this has suggested that the interaction seems to be specific. A volume ratio of 1 
to 3 of exu to BicD protein adopted in the experiment protocol was gained by trial and error 
experience. This does not bear any indication that for every one of exu protein, it will be 
associated with three BicD protein molecules. 
In spite of the result showing that BicD protein was immunoprecipitated along with 
exu protein using rabbit polyclonal anti-exu antibody under in vitro conditions, experiment 
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was set to investigate if the same interaction exists under in vivo condition, acknowledging 
that there are limitations for an in vitro system. 
4.4 Analysis of interactions between exu and ^raws-acting elements by 
^^S-Methionine metabolic labelling and immunoprecipitation 
In 1996, Nusslein-Volhard's research group had observed that a sponge-like structure 
in the female germ line fly cells by immuno-electronmicroscopy. Exu, BicD and Vasa (a 
factor of the posterior system) were found to be associated with the sponge body. Based on 
this observation, experiments were set to determinate the components that are associated 
with the exu protein, which may be part of the sponge body complex. Both 化 and exu' 
flies were used in the analysis, in which w"丨8 served as the source of wild type while 
being a exu protein null mutant, worked as a negative control. Flies were fed with 
^^S-methionine to increase the detection sensitivity. The investigation on possible 
/nms-acting elements of exu was determined by incubating whole ovary/testis extract from 
flies with rabbit anti-exu antibody and then the extract was subjected to 
immunoprecipitation. Trans-acimg elements should be bounded to exu and hence would be 
isolated along with the immunoprecipitation complex while other non-related and unbound 
components in the whole extract would be removed during the washing process in the 
immunoprecititaion. 
The benefits of metabolic labeling over western blot analysis is that one is not limited 
to the availability of the antibody, which is an absolute prerequisite element in western blot 
analysis as a means of antigen identification. Metabolic labeling can be used to identify 
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unique components in the immunoprecipitated complex from the whole ovary extract based 
on the presence or absence of bands from the radiography profile between the wild type and 
control lanes. However, metabolic labeling is not without its shortcomings. There are 
several aspects in this method remained to be optimized. The labeling efficiency is proven to 
be adequate as a whole in the whole ovary extract, as shown in lanes 1 and 2 of Figure 3.6. 
Yet, due to the huge endogenous protein pool the labeling efficiency of certain minor 
proteins will suffer a tremendous decrease, since a higher portion of ^^S-methionine will be 
allocated to some of the abundant ones, for example, yolk protein. Furthermore, the existing 
non-labeled endogenous protein prior to the metabolic labeling procedure will impose a 
limitation on the synthesis of the ^^ S labeled protein. In addition, the ^^S-methionine will be 
lost during the numerous metabolic shunts, which may attribute to the reduced labeling 
efficiency of both major and minor proteins. 
Several steps were taken in consideration of the experimental difficulties 
aforementioned and the optimization of the experiment. Usage of apple juice layered 
containers allowed egg laying and hence maintained a steady rate of embryo-genesis — this 
would also promote the release of developed eggs prior to the ^^S-methionine labeling 
treatment. Fasting period had increased from 1.5 hours to overnight to allow higher degrees 
endogenous methionine-containing protein depletion. Water was provided during fasting 
period to avoid dehydration and subsequent death of flies. Incubation period had lengthened 
from overnight period to 60 hours, hoping that a better ^^S-methionine uptake by the files 
would occur. 
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There are two proposed future experiments on metabolic labeling. The first one may 
include the usage of recombinant exu protein that is coupled to a column in which whole 
ovary extract is then allowed to pass through sequentially. Components from the tissue 
extract will be retained in the column beads if such components interact with exu protein 
bounded on the beads. Subsequent analysis of the eluate allows the characterization of the 
interacting components. The second proposed experiment will involve the application of 
inorganic phosphate for labeling purpose. Yet, similar problems are to be expected from the 
^^S-methionine labeling method. Firstly, there is a huge internal phosphate deposit in animal, 
for example, nucleic acids, phospholipid and phosphoprotein. This suggests that the labeling 
efficiency will be sub-optimal due to the competition and diversion of the inorganic 
phosphate among the phosphate-containing compound. Furthermore, isotopic labeling is 
usually done on tissue cell culture in which the model is considered less in complexity than 
that of a whole organism in many ways. For example, the cells in the cell culture preparation 
can be starved by giving only minimal medium prior to the isotopic labeling treatment for 
optimal labeling efficiency while it is a much more difficult task to accomplish as in whole 
animal, mainly due to the rich body conservation of an whole animal. On the same side of the 
token, the number of cell of a whole organism is generally higher than that in a cell culture 
preparation and again this will cause complication in labeling result. 
4.5 in vivo ovary extract coimmunoprecipitation of exu and Bic-D protein with 
modified Mach and Lehmann buffer system, supplemented with recombinant 
exu protein. 
From Figure 3.6, BicD signal was not detected with mouse monoclonal anti-BicD (a 
kind gift from Dr. B: Suter) in the blot. In the supplement of recombinant exu protein, we 
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were to hope that the addition spike of recombinant exu protein would help to increase the 
total exu protein concentration so as to allow a higher exu to BicD protein concentration ratio 
for an optimized immunoprecipitation reaction. Nevertheless, this supplement of 
recombinant exu protein did not help as for the purpose of the co-immunoprecipitation of 
BicD protein. 
Failure in detecting BicD protein in in vivo whole ovary extract 
co-immunoprecipitation may be accounted for three reasons. Firstly, the endogenous level 
of BicD protein may be low when compared with the abundant yolk protein, despite of that 
an enhanced detection method was used for the signal detection. Secondary, there may be 
regulatory/inhibitory factors, which are normally compartmentalized in the intact ovaries but 
are released in the whole ovary extract. Those factors may inhibit the interaction between 
exu and BicD. If this is the case, then it is possible to postulate that the interaction between 
exu and BicD is regulated in a controlled or stage-specific manner. Thirdly, the interaction 
between exu and BicD may bear a direct or indirect mode, in which a direct interaction 
means a direct association between exu and BicD while an indirect interaction means a 
indirect association between exu, BicD and other components which may act as mediator for 
the association between exu and BicD. 
The interaction between exu and BicD protein was not observed in the experiment 
finding. Other than the above-mentioned proposed reasons, the buffer system used in the 
experiment may not be optimally suited for the interaction between exu and BicD protein. 
Nonetheless, the positive experimental result observed under in vitro condition strongly 
suggested that there exist an interaction between these two proteins. 
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4.6 Recent development on the concept of ribonucleoprotein 
Previous genetic work implicated exu playing a part in mRNA localization, but did 
not resolve the question of whether Exu take up a direct or indirect role in the localization 
processes (Berleth et. al, 1988, St. Johnston et. al., 1989, Macdonald et. al,, 1991, Marcey et. 
al, 1991). A recent study (Wilhelm et. al, 2000) supported a direct involvement for exu, as 
it was shown that exu is not only part of a large Rnase-sensitive complex but also interacts 
directly with an RNA-binding protein. Furthermore, the association osk mRNA with the exu 
complex was recorded - this association shows that a physical connection between exu and a 
localized mRNA exists. The biochemical characteristics of this large exu complex also in 
agree with previous obervations of exu in vivo: exu has been shown to be part of a large 
particle by both GFP fluorescence (Wang and Hazelrigg, 1994) and immunoelectron 
microscopy (Wilsch-Brauninger el. al., 1997). 
The pathways by which anterior- and posterior-localized mRNAs arrive at their 
destinations are not fully understood, however, it is possible that these RNAs are reorganized 
by different proteins and utilize distinct transport machineries. However, the research group 
of Wilhelm (2000) proposed a model in that anterior- and poserior-localized mRNAs begin 
their localization process in the nurse cells using a similar complex, of which Exu serves as a 
common core component. In this model, one of Exu's functions is believed to be as a 
component of an mRNA transport complex, since GFP-exu particles have been observed to 
move in a microtubule-dependent manner (Therukauf and Hazelrigg, 1998). This train of 
thought is in consistent with the obervation of localization pattern of osk and hcd mRNA -
both osk and bed mRNA normally accumulate in apical patches within nurse cells, but exu 
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mutants disrupt this localization pattern for both mRNA (St. Johnston et. al, 1989，Pokrywka 
and Stephenson, 1995). 
The model proposed by Wilhelm (2000) involves the localization of both anterior-
and posterior destined components. Upon arriving in the oocyte, bed- and asA;-containing 
RNPs need to be sorted so that bed becomes anchored at the anterior, whereas osk is 
transported to the posterior pole. Because Yps, Exu, bed mRNA, and osk mRNA are 
observed to be all first colocalized at the anterior (Ephrussi, et. al., 1991, Kim-Ha et. al, 
1991, Wang and Hazelrigg, 1994, Theurkauf and Hazelrigg, 1998), the model suggests that 
this sorting decision occurs at the anterior of the oocyte. Evidence for this anterior sorting 
model comes from the genetic studies of staufen (stau) and tropomyosin II {Tmll), which 
show that these proteins do not interfere with anterior localization but rather block the release 
and transport of osk transcripts to the posterior (Ephrussi et. al., 1991, Kim-Ha et. al., 1991, 
Erdelyi et. al, 1995, Tetzlaff ai, 1996). 
Another recent study carried out by Schnorrer et. al. (2000) showed that the tight 
anterior localization of bed RNA during and after stage 10 is dependent on the localization of 
Swa protein, but not vice versa. However, Swa protein alone is not sufficient to concentrate 
bed RNA anteriorly. The bed RNA localization step in the oocyte crucially depends on Swa. 
Swa interacts with the bed RNA, which is complexed with /raws-acting factor, and thus 
allows the transport of both Swa protein and bed RNA by the dynein motor along 
microtubules to that anterior pole of the oocyte (Schnorrer et. al.’ 2000). 
Interactions between in vitro synthesized exu and Bic-D protein was found to exist. 
Although neither similar interaction between exu and Bic-D protien nor other /ram-acting 
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elements was observed under the in vivo experimental conditions being carried so far, the 
experimental data from co-immunopreciptiation of in vitro synthesized exu protein with in 
vitro synthesized Bic-D protein indicated the first biochemical evidence that exu and Bic-D 
protein interact. In addition, from the results of indirect immuno-florescence staining of wild 
type files with anti-exu and anti-(3-tubulin, as shown in Figure 3.2, and the co-sedimentation 
experiment between exu protein and microtubules (Kwan, M. Phil. Thesis, 1996), it is 
strongly suggested that there is biochemical interaction between exu protein and 
microtubules. 
As Bic-D mRNA starts to accumulate in the pro-oocyte in region 2A of the 
germarium and the 16-nurse-cell Bic-D mutants abolish localization of the message, the wild 
type role of the Bicaudal-D gene product in early oogenesis may be the localization of 
determinants within the early egg chamber, an essential step for the differentiation of the 
oocyte at the posterior position (Suter et. al, 1989). The experimental results showing that 
the co-localization and biochemical interaction of exu and Bic-D protein, as shown in Figure 
3.1 and 3.2, have extended the model of a ribonucleoprotein complex, with exu protein as a 
core component, as proposed by Wilhelm research group, to that Bic-D protein may be one 
of the components in the ribonucleoprotein complex. The role of Bic-D protein would hence 
become a moderator, in which it will allow the transportation of ribonucleoprotein to be 
tagged towards the pro-oocyte, that is determined as future oocyte, and such transportation 
initiates as early as in the previtellogenic stages of oocyte development. 
A recent observation stated by Swan and Suter，s (1999) research group that the 
localization of Bic-D protein in a region between the oocyte cortex and nucleus abolished in 
E415 mutants. In addition, the microtubule-organizing centre, which normally develops in 
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the wild type oocyte as early as region 2 of the germarium, is not detectable in Bic-D and egl 
mutants, and is also not observed in most hemizygous E415 mutants egg chambers. 
Therefore, it is suggested that E415 is essential for oocyte determination and interacts with 
Bic-D in this process (Swan et. al, 1999). The E415 gene was cloned and found to be a 411 
amino acid polypeptide with marked identity (70%) to the product of the human 
Lissencephaly-1 (Lis-l) gene. Homologous of Lis-1 have also been identified in the 
filamentous fungus Aspergillus nidulans and in Saccharomyces cerevisiae, and both function 
with the microtubule minus-end-directed motor dynein/dynactin in nuclear migration (Xing, 
et. al” 1995; Geiser, et. al., 1997). Given the strong homology, the E415 is referred as 
Drosophila Lis-1 (Dlis-l), which may act as a cortical anchor for dynein (Swan et. al., 1999). 
Furthermore, as discovered by Schnorrer's group (2000), the observation of 
molecular motor dynein is involved in targeting swallow and bicoid RNA. If the interaction 
between exu and microtubule holds true, based on the observation on Figure 3.2 and on 
co-sedimentation experiment between exu protein and microtubules (Kwan, M. Phil. Thesis, 
1996), then the described component of the minus-end-directed microtubule motor 
cytoplasmic dynein motor may be as well associated with the previous mentioned 
ribonulceoprotein, as the transportation of the complex would rely on microtubule network. 
Previous work has shown that exu is necessary for normal bed mRNA localization (Berleth 
et. al, 1988; St. Johnston, et. al, 1989; Pokrywka and Stephenson, 1991; Macdonald and 
Kerr, 1997); yet, these studies did not establish a direct connection between exu protein and 
bed mRNA. Nevertheless, the ribonucleoprotein complex may have included several 
components: Bic-D protein-microtubules-exu-Yps-associated mRNA transport (possibly 
bicoid RlMA)-molecular motor dynein, suggested by the results of in vitro 
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coimmunoprecipitation of BicD and exu protein, as shown in Figure 3.2, experiment of 
co-sedimentation experiment between exu protein and microtubules (Kwan, M. Phil. Thesis, 





1. SDS PAGE 
Part I Polyacrylamide gel preparation 
The gel unit of thickness 0.8 mm was assembled and sealed with tape at the bottom. 
A 10% gel mix was prepared according to Table Al. A gel plug was made by mixing 2 ml of 
the above gel mix with 16.5 20% ammonium persulphate and 6.5 TEMED. This gel 
mix was thoroughly mixed and pipetted into the gel set. The gel plug was quickly 
polymerized and set with 5 minutes. After adding 33.5 |al 20% ammonium persulphate and 
13.5 TEMED, the remaining 10% gel mix was thoroughly mixed and pipetted into the gel set. 
A thin layer of water was overlaid on the gel to avoid direct contact with air. The gel was 
then allowed to polymerize overnight. 
A stacking gel mix was prepared according to Table A2. The stacking gel mix was 
mixed with 35 i^l 20% ammonium phosphate and 15 |j,l TEMED and pipetted into the gel set. 
A comb with 0.8mm thickness was inserted and the gel was polymerized for 45 mintues. 
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Part II Electrophoresis 
Protein samples were loaded into each wells and equal amount of 1X SB were loaded 
into the empty wells. Electrophoresis was run under a constant current of 25 mA for about 4 
hours. 
Radioactive samples were analyzed by 10% SDS-PAGE with thickness 1.6 mm. All 
volume of separating gel plug, separating and stacking gel mix, and catalysts were doubled. 
Electrophoresis was run under a constant current of 50 mA for about 4.5 hours. 
Table Al Composition of separating gel 
5% 8% 10% 丨 2.5% 15% 20% 
fris-HCl, 1.5 4.99 ml ^99 ml 4.99 ml 4.99 ml 4.99 ml 4.99 ml 
M (pH 8.8) 
Acrylamide, 30 3.34 ml 5.34 ml 6.67 ml 8.34 ml 10.00 ml 13.34 ml 
o/o 
SDS, 20 % 0.10 ml 0.10ml 0.10 ml 0.10ml 0.10 ml 0.10ml 
Water, 丨 1.57 ml 9.57 ml 8.24 ml 6.57 ml 4.91 ml 1.57 ml 
double-distilled 
Table A2 Composition of stacking gel 
“ I«Hm 
5 % 
.....�ris^ 陌...5:5 l v r ( p . l T . � 2 J m i — 
Acrylamide, 30 % 1.7 ml 
SDS, 20 % 0.1 ml 
Water, double-distilled 5.7 ml 
............ .......... .�.. ...V, .. ,...�•.. . � . . . ....，.,.,. ....、..，…..厂...�.,..��.,-..、..， . . . - - . r ^ - r 广 ... 
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2. Western blot analysis 
The gel together with a same sized nitrocellulose paper (Schleicher & Schuell) 
prewetted with water, were soaked in transfer buffer (2.91 g Tris, 1.47 g glycine, 1.9 ml 10 % 
SDS, 100 ml methanol, make up to 500 ml with double distilled water) for 30 to 45 minutes. 
The gel and the nitrocellulose were sandwiched in same sized Whatman 3MM paper, that has 
been prewetted with transfer buffer. This sandwich was placed on a semi-dry blot apparatus 
and excess buffer was removed. The protein in the SDS gel was transferred 
electrophoretically under a constant voltage of 15 V for I hour. 
At the end of transfer, the nitrocellulose blow was briefly washed in double distilled 
water and TTBS (10 mM Tris-HCl, pH 7.5, 0.9 % NaCl, 0.05 % Tween 20), then blocked in 
5 % (w/v) skimmed milk in TTBS for 1 hour at room temperature. After blocking, the 
skimmed milk solution was replaced by a primary rabbit anti-exu antibody with dilutionof 
1:1000 in TTBS with 1 % bovine serum albumin (BSA). After an overnight incubation at 4 
°C, the blot was washed three times for 15 minutes by TTBS. The blot was incubated with a 
goat alkaline phosphatase conjugated-goat anti-rabbit antibody, with a dilutionof 1:5000 in 
TTBS with 1 % BSA, for 2 hours at room temperature. The blot was washed again three 
times for 10 minutes each and then developed with nitro blue tetrazolium (NBT) (0.033 % 
w/v) and 5-bromo-4-cholo-3-indolyl phosphate disodium (BCIP) (0.017 % w/v) in AP buffer 
(100 mM Tris-HCl, pH 9.5, lOOmM NaCl, 50 mM MgCU). The reaction was stopped by 
rinsing the blot with water several times. 
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3. W e s t e r n - S t a r FM Protein Chemiluminescent Protein detection with 
modifications 
The nitrocellulose was blocked in blocking buffer (blocking buffer: 0.4% 1-block, Ix 
PBS, and 0.1 % Tween 20) at 4 °C for overnight. Primary anti-exu antibody was diluted in 
blocking buffer with dilution of 1:1500 and incubated with the nitrocellulose at room 
temperature for 2 hours. The nitrocellulose was washed by wash buffer (wash buffer: Ix 
PBS, and 0.4 % Tween 20) for three times, each for 15 minutes. The secondary anti-rabbit 
conjugated alkaline phosphatase was diluted in blocking buffer, the dilution was 1:8000. The 
incubation time was 2 hours at room temperature. The washing procedure was repeated for 
three times, each for 15 minutes. After that, the nitrocellulose was washed again by assay 
buffer (assay buffer: 20 mM Tris-HCl, pH 9.8, and 1 mM MgCh). The nitrocellulose was 
drained off the assay buffer and placed on Saran Wrap on a flat surface. CDP-star substrate 
solution containing 1:20 Nitro-Block II was pipetted onto the nitrocellulose. Excess 
CDP-star substrate was drained off and incubated with the nitrocellulose for 5 minutes. An 
X-ray film was exposed to the nitrocellulose. 
4. A m p l i f y rM Detection of radiolabeled proteins separated by polyacrylamide gel 
electrophoresis. 
The polyacrylamide gel was fixed by using a fixing solution 
(isopropanol:water:acetic acid in the ratio of 25:65:10) for approximately 30 minutes. Next, 
the gel was soaked in Amplify™, of an amount sufficient for the gel to be free-floating, with 
agitation for 15 - 30 minutes. The gel was removed from the solution and dried under 
vacuum at 60 — 80 °C. A preflashed X-ray film was bought in close contact with the gel at 




Apple juice plate 
Agar (4.5g) was dissolved in 150ml double-distilled water. 5g of sucrose was 
dissolved in 50ml apple juice. Mix the agar solution and the sucrose solution. Add 1.5ml 
20% Moldex into the solution. 
BCIP 
0.5 g of BCIP (Sigma) was dissolved in 10 ml of 100 % dimethylformamide and the 
solution was stored at -20 °C. 
EDTA (0.5 M) 
EDTA (18.61g) (BDH, disodium salt) was dissolved in 80ml double-distilled water 
and adjusted the pH to 8.0 with NaOH. The resulting solution was adjusted to 100ml and 
sterilized by autoclaving. 
Electrode buffer (lOX) 
Tris base (30.3g) (USB) and 142.7g of glycine (USB) were dissolved in 1000ml 
double-distilled water. 
Mach and Lehmann Buffer 
The Mach and Lehmann (1997) buffer was modified and contained 50 mM Tris, pH 
8.0,150mMNaCl, l%NP-40, 1.0 |ig/ml pepstatin, l.Ong/ml leupeptin, 1.0 |ig/ml aprotinin, 
0.28 mM P M S F . “ 
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NBT 
NBT (0.5g) (Sigma) was dissolved in 10ml of 70% dimethylformamide and the 
solution was stored at -20°C. 
PBS Buffer 
8g NaCl, 0.2g KCl, 1.44 g NasHPCU，and 0.24 g KH2PO4 were mixed and dissolved 
in 1 L of double-distilled water, and was adjusted to pH 7.4 with HCl. 
PIPES (1.0 M) 
PIPES (30.24g) (FW 302.36) (BDH) was dissolved in 80 ml of double-distilled water 
and the pH was adjusted to 6.8 with NaOH. (PIPES would gradually dissolved as pH 
increased.) The solution was adjusted to 100 ml. 
RIPA Buffer 
RIPA buffer contains 150 mM NaCl, 50 mM Tris-HCl, pH 8.0，1 mM EDTA, 1 % 
NP-40, 0.5 % DOC, 0.1 % SDS, 1.0 ng/ml pepstatin, 1.0 ng/ml aprotinin, 0.28 mM PMSF. 
Transfer buffer 
Tris base (2.9 Ig) , 1.47g of glycine, 1.9ml 10 % SDS and 100 ml methanol were 
mixed and adjusted to 500 ml with double-distilled water. 
TBE (lOX) 
Tris base (54g), 27.5g of boric acid and 20ml 0.5M EDTA, pH 8.0 were mixed and 
adjusted to 1000ml with double-distilled water. 
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